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THE FINE ART OF
ELECTRONICS:

P.C.Bs BY KELTRON

66Z'3N'Sq4

* Bombay - 4927441, 4927443, 4925917, 4924094,
454321, 450055, * Bangalore - 564492, 564528

* Trvandrum - 60241

* Caleutts - 24-5654, 249092
* Hyderabad - 63786

A fine design belongs on a
fine Circuit Board. Keltron is
uniquely equipped to supply
superior service on prototype
boards. Our totally
self-contained plant is presently
devoted solely to their
manufacture. Our success has
encouraged us to up-date our
technology to produce
multi-layer boards in the near
future.

The current expansion will
make Keltron the largest
producer of Circuit Boards in
India. Our clients include
high-tech organisations like

ISRO, BHEL, OEN, ITI, NGEF. Of
course, there are good reasons.
The best equipped factory,
with the largest camera in
India—for photographing the
biggest artworks.

Infra-red fusing system for
reflowing solder plating.
Quality control to ensure that
every board exhibits full
electrical integrity before
components are mounted in
place.

Keltron P.C.B.s
guarantee reliability.

=
LKELTRON
Know-how foserve the people
Kerala State Electronics
Development Corporation Limited.
PCB Division,

Kulathoor, Trivandrum.

* New Delhi
* Amedabad - 65702

6418493, 6418770, 641363, 6414692 * Madras - 45 2216, Service contre —
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FOR EVERY APPLICATION

STOCKISTS

Western Region
Precious Electronics Corporation.

Southern Region :
Precious

Northern Region :
intia Co.

Chhotani Building, 52-C, Proctor Road,
Grant Road (East), Bombay - 400 007
Phones : 367459, 369478

Rs. 5002 SCI0M & QSC

Rs. 350/-*

i R

Q:(, i
cuarrz Digital aLsz CLOCKS

Two sleek models with the ‘in

r

1 QUARTZ : 12.7 mm
Red LED display

Rs. 360/*  iluore Rs. 400/

With 3 mics. flexible wire
Toecall

9, Athipattan Street, Mount Road,

Madras - 600 002. Phone : 842718
Manufactured by :
Pvt. Ltd., Tamil Nadu

422, Lajpat Rai Market,
Chandani Chowk, Delhi - 110 006
Phones : 238612, 233856

DOT MATRIX
PROGRAMMABLE GRAPHIC PRINTERS
WITH SERIAL & PARALLEL INTERFACES.

FLOPPY DRIVE
SLIM TYPE 5'%" FOR APPLE Il +

MONITORS
CRT 12" — Green — P31 phosphor.

“Small Quantity available, Exstock.

*Tocaltaves oxa
Local @xes X2 ___ 1p ADE ENQUIRIES SOLICITED ———

Phone 468157

ION Electricals

Gram: Temptime

Contact.

DOMINION
BRADIOS

15, New Queen’s Road. Opera House. Bombay-400 004
Phones: 350747 382968 CABLE: “DOMIRA™
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A combination of pitches,
no. of contacts and termi-
nations that's unmatched
in the market... there's an
O/E/N Edge Connector for
every application.
Typically, we offer 'he
Multibus set of 86 pi
3.96mm) and 60 pln
2.54mm)Edge Connectors.
her products inthe O/E/N
range include Standard
Reverse Euro
Connectors and Sub-
miniature D Rack and Panel
Connectors.

You name it.
We have it. :
And only we have it.

Series 8607 : Pitch 2.54 mm Series 8607 B : Pitch 3.96 mm
Termination | No. of Contacts_| [ Termination | _No. of Confacts

Single | Double single | Double
sided sided sided sided

Wire wrap/ 4,6, 8, 10| | Wire wrap/

Straight spill/| % 3";' ‘Zu . 94, 96, | | straight spill/ "2:2‘-55- 36, 44, 50,

Solder eyelet | 4% 47 98, 100 | |Solder eyelet| “* 56,86

D)
QO/E/N Conncctors Lid
Regd. Offica : Wi, P.8.No. 2, Cochin - 882

i
Phone : 33132, 3370, 33418 Cable : oAxEuND"l.m 0885-529
Factory : Electrogiri, P.B.No 1. Mulanthuruthy - 682 314, Kerala.

We make electronics work

Stockists : Brisk Electro Sales (Pvt.) Ltd., Lamington Chambers, 2nd Fioor, 394-A, Lamington Road.
7. Ram C

Bombay - 400004, Tel : 354016, 35853

omponents 38/1. 1st Floor, NS. lyengar Streef.

Seshadripuram, Bangalore - 560 020. Tel : 27855, 70503.

GKBE.M84.97
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DM20 MULTIMETER

PLA’s improved DM-20 measures ACV
with frequency range upto 30 KHz
throughout. Its 200 mV range can go even
upto 100KHz. It measures AC/DC volts,
AC/DC current, & ohms. I/P protected
for spikes and accidental over loads, mis-
ranging, improper function selection.
Basic accuracy is + 0.03% rdg. + 0.03%
F.S. + 2 digit. It has rigid DEFENCE con-
struction and PLUGIN IC,/LSI It
operates from 230V AC mains.

OM 20" MU Tmerer

PLA ELECTRO APPLIANCES

THAKOR ESTATE
KURLA KIROL ROAD,
VIDYAVIHAR WEST

BOMBAY - 400 086
PH : 5133048/5132667

o R

pla_

LCD DMM

CONTACT:
PLA ELECTRO APPLIANCES
Phones:5133048/5132667

® INSTECH SALES & SERVICES BOMBAY
Ph. 354827 & 382866 @ FORTIBUS ENGINEER-
ING PVT. LTD. PUNE Ph. 34706 @ AMITRO
NICS BANGALORE Ph. 221246 @ LITTLE
TRADERS NEW DELHI Ph. 625769 e K.V.
ASSOCIATES MADRAS Ph. 411601 @ TECHNO
SCIENTIFIC CO. CALCUTTA Ph. 278742 @
PRIME ELECTRONIC PRODUCTS PVT. LTD
HYDERABAD Ph. C/o 38358

ann
2000 k| FO%Y

mxn

wKn

2R
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The Superswi ehrangeef“rhamsan -CSF.
Affamuymmtch

ing transistors and diodes. :

Mow awiabie in indna thraugh ?\éeltro

Meltron now makes
available to the Indian
Industry a complete range
of sophisticate
Semiconductor Devices and
other components against
AUL/OGL.

The of this range

4. Temperature
Compensated Zener
Diodes

5. Microwave Components

9. Discrete High Power
Semiconductors — Power
Diodes, Fast Recovery
Rectifiers, Invertor Grade
Darlist

like

MICs, Ferrite Devices &

Materials, Optical
and other

are:
1. Superswitch® range of
Transistors and Diodes for
use in switch mode power
supply exceeding 1KW,
Invertors, Convertors, etc
2. Transient Voltage
Suppressors “TRANSIL"
for high surge capability
3. Schottky Diodes for
extremely fast switching
and for replacing
Germanium Diodes

A

THOMSON-CSF

&
Passive Components
6. Space qualified
components

0 Circuit:

Triacs & Alternistors.
THOMSON-CSF
components group, one of
the world's largest
component producer,also
has 2 complete range of
Passive

Consumer Audio & TV
Circuits, Operational
Amplifiers, Voltage
Regulators &
Comparators, Special
Circuits, Mos Micro

affer. This range includes
Connectors, Reed Relays,
Reed Switches, Plastic Film
Capacitors, Commutator
Capacitors, Ceramic
Capacitors, Ferrites, Delay
Lines,

i , etc.
8. Crystals and Crystal

Oscillators

piece-parts, etc.

MELRAN

For technical details and
prices, please contact:
Maharashtra Electronics
Corporation Limited

Plot No. 214, Backbay Reclamation,

Raheja Centre, 13th floor,
Nariman Point, Bombay 400 021.

Cable: MELT

Hansa\aya IpBeiathambeoad;

72,
New Delhi 110

Telephone ADGM
Telex: 031-2815 MELN

5, Rama Nivas, 10th Cross,
West of Chord Roa

11 Stage. Bangalore 560 086
Telephone : 350772

Telex: 0845-8136

Meeting phe challenge of tomorrow.

CHAITRAR ME. 175
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the XR2206 in the.
function generator

the XR2206 in the
functiqn generator

If a special IC is used in a circuit it usually means
that the number of components needed is greatly
reduced. There is, after all, an extremely large
number of semiconductors in one ‘black box’,
sometimes even in exactly the right configuration for
a particular application. Thls is the case wuh the
XR2206 used in the

Function generators based on the almost
legendary XR2206 usually have a few
faults that are well known to users of this
IC. There are dirty spikes on the peaks of
the sine and triangle waves, these two
waveforms become more and more similar
to each other above 100 KHz and the
amplitude decreases gradually then also,
the frequency scale is not correct for
asymmetrical waveforms (sawtooth and
pulse waveforms), and the so-called
sawtooth is more like an asymmetrical
triangle. Apan from these points the IC
works well. .

One of the aims of the new function gen-
erator is to do away with these disadvan-
tages. We must, however, first of all know
the reason for the ‘errors’ before we can
see how to solve them.

A better waveform

The difference between a normal
XR2206-based function generator and the
new Elektor design is shown by the two
photographs of figures 1 and 2. These do
not require any further comment. The
diagrams in figures 3 and 4 show where
this difference in the waveforms comes
from. The standard layout is seen in figure
3, whereas figure 4 shows the basics of
the new design. The heart of both is, of
course, the same XR2206 whose internals
are illustrated in figure 5. Where do those
spikes on the sine and triangular

elsewhere in this issue. What this does not mean,
however, is that the design can be made in no time
at all. There is a lot more to it than simply using an
application found in the manufacturer’s data book.

a few remarks
about the IC
and the design

Figure 1. This photo
shows an XR2206
sinewave complete with

the typical spikes.

Figure 2. Again a
sinewave provided by a

ut this one is
generated by the Elektor
function generator. The
tops of the sine could
actually be made a bit
rounder. This would look
better but would increase
the distortion.

1.20
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come from? All the tests car-
ried out suggest that the principal cause
will be found in the circuitry connected to
pins 13 and 14 (waveform adjust). Within
the IC these two pins are connected to a
differential amplifier that makes a
sinewave from the triangular signal. Even
a very slight capacitive load on pins 13
and 14 will cause spikes to appear in the
signal, and this could be caused by even
a short length of cable or by the tracks on
the printed circuit board. The only sol-
ution for this is to keep all connections to
pins 13 and 14 as short as possible, with
extremely short copper tracks between
the IC pins, the switch and the preset.
This is the reason why the circuit of figure
4 uses a BS170 (V FET) for switching close
to pin 14. Another cause of the spikes is
the fact that the 2206 consists of a square
wave and triangle generator followed by a
mangle to sinewave converter. The square
wave's sharp edges corrupt the other
waveforms as well. If nothing is connected
to the sinewave output (pin 11, which is
linked to the collector of a switching tran-
sistor in the IC), or if it is short-circuited,
the sinewave is completely ‘clean’ As soon
as a resistor is connected from pin 11 to
the positive voltage supply line the spikes
re-appear. A combination of square wave
and (undistorted) sinewave in the same
generator is only possible if the output
voltage of the square wave at pin 11 is
Kept very small and this output is not
loaded too heavily. In figure 4 pin 11 only
has to drive transistor T2. The base
current for the BSX20 is provided via
resistor RIS. If the internal transistor con-



nected to pin 11 conducts it simply
removes the base current of T2. The base-
emitter junction of T2 prevents the output
amplitude of pin 11 from rising above
0.6 V. The square wave at the collector of
T2 still has a peak to peak value of 16 V,
‘which is not very favourable for pin 11.
The solution here is to short the output of
T2 if a triangular or sinewave output is
chosen. In this way the square wave is
very effectively suppressed when it is not
needed.

Optimal amplitude adjustment
The amplitude setting, by means of the
AM input (pin 1) also appears to have
quite an effect on the waveform. Cross-talk
(for want of a better word) between the
square wave and triangle/sine wave output
(pin 2) will be reduced if a positive
voltage is applied to the AM input. This is
why pin 1 in figure 4 is at +4 V. At —4V
the output voltage would have been just
as large but there would have been more
likelihood of distortion.

The amplitude of the output voltage at pin
2 is effected by the resistance on pin 3 of
e I retain the same output ampli-

tude when switching between sine and
triangle the resistance at pin 3 must be
about 2.7 times as high for a sine as for
the triangular wave. Many 2206-based cir-
cuits simply switch the resistance at this
pin but our experience shows that this is
not to be recommended. Wires and tracks
to the switch then make the circuit very

the XR2206 in the
function generator

sensitive to distortion and changing the
resistance also changes the d.c. level at
pin 2. This problem could be solved by
duplicating P5 and P6 and then switching
between these two branches. That is not
‘what we have done, however. The
amplitude and d.c. level are fixed for both
waveforms with P5 and P6 and the
amplitude correction needed is carried
out at the output by means of voltage
divider R23/R24. The impedance of this
voltage divider could only be kept low by
including an emitter follower (T3) before

4

6= s

Figure 3. This is the nor-
mal layout used wnh !he
2206. Very few extes
components are usod but
the results achieved are
not very good.

Figure 4. lektor
function generator uses
uite a faw extornal com-
ponents. Here
Vithost the cutput amplk
fier and power supply.

elektor india january 1985 1.2 1



Figure 5. This block

The actual oscxllltﬂl in
the IC (VCO) supplies

gle and squ-u
waveforms. The frequency

Gonnected betweon pine &
and 6). A sine shaper
forms a sinewave from
the triangle. The
amplitude (pins 1 and 3)
can be changed using the
multiplier. Adjustment
points 16/15 and 14/13 are
connected to the sine
shaper.

Figure 6. If the frequency
is set by means o
potentiometer acting as a
variable resistor the curve
of frequency with respect
to wiper position is far
from linear. This gives a
scale division that is not
very user friendly.

1.22 elextor india janvary 1985
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arangement the maximum frequency can
be preset using P3 without effecting the
minimum frequency already set with P1
The voltage from pin 10 is also used as a
reference for external frequency settings
via the VCO input. In this way the
optimum frequency stability is achieved.

No compromise

The next point on the list is the 2206’s
ability to generate asymmetric waveforms.
To do this the time constants for the
sawtooth and pulse waveform must be
switched. This is achieved by tying the
FSK input (pin 9) to the square wave out-
put (pin 1) so that the capacitor between
pins 5 and 6 is charged by the current
from pin 7 and discharged by the current
from pin 8. This is by no means a perfect
solution for a number of reasons. The dif-
ference between charge and discharge
times cannot be made great enough so
the sawtooth looks more like an asym-
metrical manqle The frequency scale of
the

a 2 1

e
P1(ka) 1258

on pin 7 is no longer
correct as this now determines only about
half of the period duration; the rest
depends on the resistance or current at
pin 8. The external frequency control (via
the VCO input) must have an extra switch.
Finally, the square wave fed through the
printed circuit board and switches from
pin 11 to pin 12 corrupts the other
waveforms. Our answer to these points is

it. A high-impedance voltage divider (such
as 5k6/3k3) would, of course, do away
with the need for the emitter follower but
it would introduce more distortion and
would make the circuit more sensitive to
noise.

Frequency setting: linear and
stable

The basic circuit of figure 3 uses a
variable resistor (P1) to select the desired
frequency. In this way the frequency is
barely effected by changes in the supply
voltage but the scale division is not very
usable. The relationship between the
resistance value (position of the wiper)
and the frequency is shown in figure 6. A
linear frequency scale is obtained if the
voltage, rather than the resistance, at pin 7
is varied. This idea is implemented in
figure 4. In this case P2 forms a voltage
divider by means of which the (linear)
wiper voltage is fed to R10. To prevent the
frequency from being effected by vari-
ations in the supply voltage the poten-
tiometer is connected not to the supply
but to the output of a low-drift op-amp
(IC2). This LF386 buffers the voltage pres-
ent on pin 10 of the 2206; this pin actually
provides an internal reference voltage
from the IC. There are two advantages to
using the reference voltage for P2: the fre-
quency remains stable and the voltage
across P2 cannot become higher than that
at pin 7 (which is also connected to the
reference voltage). The op-amp also
‘decouples’ presets Pl and P3. With this

it is better to have no
asymmetrical signals than bad ones.
Regarding the stability of waveforms and
amplitude above 100 kHz there is also only
one acceptable solution: the frequency
range should not extend beyond 100 kHz.
The power supply used is completely
symmetrical. This enables it to work
without decoupling capacitors and the
square waveform is very good even at low
frequency.

Al these ‘improvements’ on the 2206 are
only possible if a double-sided printed
circuit board is used. This is the only way
that the critical tracks can be kept as
short as possible and/or far enough from
each other. This also enables the wiring
between the board and switches, sockets,
and potentiometers to be kept shorter and
simpler. This sort of printed circuit board
requires a lot of care in the design stage
in order to find the best layout. In this way
it is more than simply a way of intercon-
necting the components: it is an essential
part of the circuit.

Conclusion

Even when a circuit is based on a special
IC that contains almost exactly the layout
required a lot of work is needed to
finalise the design. No part of the project
may be overlooked. We have designed
the function generator carefully in order
to allow the XR2206 to do its job as well as
possible. What is also important is that we
have not pushed the IC to its limits. Doing
this could only have meant that the circuit
would be full of compromises. L]



One of the less pleasant aspects of programming is having to spend
hours just typing in a BASIC program. You arrive at line 8760 and
have to type: P-O-K-E-PT--A-S-C-(-M-I-D-$-(-X-$--S--1-)-) ... or
something similar and wonder how secretaties can type the whole
day long.

Fortunately there is a cure for this ailment. Shortened forms of the
BASIC instructions can be used: for example O for POKE, C for ASC,
M for MID$ and so on. All that is needed to enable this shorthand to

be used is a small hi

code p

] i ded for 6502-based

systems, and the Junior Computer in particular. Then you can
concentrate on your program instead of having to worry about the
typing.

The purpose of the machine code pro-
gram given here is to provide an abbrevi-
ation for a number of BASIC instructions
(particularly the long ones, like RIGHTS$)
50 that they do not have to be typed out

preceded by the ASCII code IBHEX, in
other words if the Escape key is first
pressed. This indicates to the computer
that the next character is not an ordinary
one and should be treated as the
abbreviation for an instruction. An R
following an Escape would then give
READ, and P weuld give PRINT. The first
function of our routine is to filter the
Escape code. The following character
must be one of those that corresponds to
an abbreviation. When this has been con-
firmed the program then outputs the com-
plete instruction as if it had been typed in
letter by letter via the keyboard.

Two look-up tables

The whole routine is relatively simple but
it does make use of some rather clever
vector manipulations. The flowchart shown
in figure 1 should make it easier to
understand. Clearly this ‘program’ is really
only a subroutine and the user exits from
it by means of an RTS command. The
clever part consists of changing the return

address to our routine just before leaving
it using the RTS instruction. But let’s start
at the beginning.

When BASIC is waiting for something
from the user, or, to be exact, from the
keyboard, it enters a wait loop that it only
leaves when it receives the ASCII code
for CR (carriage return). This character
receiving loop is where we enter the
scene. In order to do this we must change
one vector: the address of the reception
routine (RECCHA, for example) is
replaced by the address of the routine to
which we want to send the processor,
which in this case is the address of label
SHHAND at EGP@HEX. In the Junior Com-
puter and similar systems this change is
done at the level of the DOS input/output
distributor. This distributor is made up of
two bytes, one for inputs (2321HEX) and
the other for outputs (2322HEX). Each bit
in these two bytes corresponds to a
specific input or output routine (keyboard,
RS232 output, Centronics output, memory,
etc.), whose addresses are found in a
look-up table (2301. . .231F). In this table
we replace the address for the routine to
receive a character from the keyboard
with the address of the routine described
in this article.

We are then at the cold start entry of
figure 1. A character is first read from the
keyboard and analysed. If it is not the
code for the Escape key the routine stops

shorthand BASIC

allows BASIC
programs to be
typed two or
three times as
fast as normal

elekior india janvary 1985 1.23



shorthand BASIC

Figure 1. This flowchart
abbrev

ation routine itself deter-
mines from which entry it
is started. Its decision is
based on wha(hel the
previous character re-
Gotvod Is the last In 8

chain corresponding to
the abbreviated instruc-
tion.
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Table 1. The BASIC in-

terpreter has itself a look-
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jords

t0 reconstitute the com-
plete instructions from

immediately and the character is treated
normally. If, on the other hand, the charac-
ter in question is the Escape code the
cursor starts flashing to indicate that the
special abbreviation routine is in oper-
ation. The next character can either be
the Escape code again, in which case the
routine is stopped, or one of the abbrevi-
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ations listed in the look-up table repro-
duced in the listing. The 6502's Y register
serves as an index while this table is
being referenced. Whenever the charac-
ter received after the Escape corresponds
to one of those in the table the processor
can locate the complete instruction based
on the contents of index register Y. All it
has to do is seek it in another look-up
table located in the BASIC interpreter
starting at address 0284HEX. As we can
see from table 1, all the instructions
known to the interpreter are found there.
In order to distinguish them from one
another the ASCII code for the last
character in each instruction has been
changed. Its bit seven, which is normally
‘0’ is set to ‘I’ and then serves to indicate
the end of an instruction. An example of
this is seen at @286HEX; this address
should contain 44HEX (the ‘D’ in END) but
it actually contains C4HEX.

Changing the vectors

Now we have arrived at the most
interesting part of the program: the cold
start entry. The processor then loads a
character from the look-up table indexed
by register Y and examines its bit 7. If it is
logic low it is not the last character in the
chain so there are more that must be
loaded to complete the instruction. This
explains the changing of the vector for
the input distributor so that in order to
receive the next character the processor
returns to the warm (rather than cold)
entry to our routine. As soon as the
character received has been converted to
BASIC (the character is stored in buffer
AHOLD while the RTS instruction is car-
ried out) we return to the abbreviation
handling routine, this time by the warm
start entry. A new character is then loaded
from the look-up table. If its bit 7 is logic
high this means that the instruction is now
complete. The cursor flashing can now be
stopped and then the input distributor
vector is again changed so that it once
again points at the cold start entry to our
routine.

Before the last character (stored in
AHOLD while the RTS instruction is being
executed) is transferred to BASIC its bit 7
must be reset to zero. The whole abbrevi-
ation routine is carried out in a fraction of
a second. The user presses the Escape
key and then R, for example, and the
word READ appears immediately on the
screen.

The complete listing of this machine code
routine is given in table 2. The outlines
that are shown in the flowchart of figure 1
are easily picked out. There are still some
things that should be said, however. As we
have dealt with the working of this routine
in some detail it should be quite easy to
change it to suit any system other than the
Junior Computer. The flashing cursor is
just an ‘accessory’; it could be replaced
by another signal if you prefer. Note the
absolute addresses: the input distributor
(IOTABL), the buffer for the character that
is being (AHOLD), the
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keyboard reception routine (RECCHA)
and the look-up table for the interpreter
(BASCOM). These are not directly com-
patible with systems other than the Junior.
There are also some absolute addresses at
lines 750, 760, 880 and 890 of the listing.

the routine is placed at a different location
to the one we have used these addresses
must also be changed. Two things have to

be done in order to incorporate this
routine in your system. First it must be
loaded to memory (from a diskette). Next
the input vector at 230lHEX must be
changed so that it points to the start of our
routine. If this starts at E884, as it does
here, the vector will be DFFFHEX

(= E000 — 1). In BASIC this gives POKE
8961,255: POKE 8962,223.

shorthand BASIC

Table 2. This is the com-

plete fsting of the short-

hand BASIC rouf

Naturally the -nonmnd

command table in

Setiig oan Be l:hangud It
to

abbreviations may be

u.m thacheliscof
ns and instruc-
Hons given I the margin
of the page opposite is
sorted into alphabetical
rather than logical order.
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function generator

made-to-
measure
waveforms
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nction generator

A functmn generator is without doubt an essemlal part of any serious

's y. Itis i
sinewaves, triangle waves or square waves are needed. In the
January 1978 issue of Elektor (UK) we published a design for a -
function generator and since then it has remained a very popular
project. The new design we present here uses the same function

IC as its

: the XR2206 from Exar. We have, of

course, taken note of the advances that the last seven years have

brought so this new

is a great i over

the old, being more sophisticated and more capable in many areas.

Technical specifications
Frequency range: 1 Hz
into five decades
W External-voltage controlled: 0.1...10 Von |
e VCO input gives a frequency range of
1...100, input impedance is 1 MQ
B Waveforms: sine, triangle, square
= Hemsotic SSbrU T e S eave:

10 kHz, divided

moc OUT all waveforms, amplitu
100 mV....10 Vpp, d.c. level aliatatie o
—5V 10 +5V, output impedance is 50 2,
short-circuit protected

WAC OUT: of wzveiarms. Srptice
10 mV. frequency r
o0 R (5 ) Biin impboance
is 600 , short circuit protected

B SYNC OUTPUT: square wave, amplitude
500 mVpp, no d.c. voltage component pres-
ent, output impedance is 1 kS, short circuit
protected, shut-off impedance_> 10 k2

Although the ‘simple function generator’
described in January 1978 (UK issue) was
(ahd is) a popular project, the time has
come for it to be replaced. Over the years
many things change and technology, in
particular, has taken big steps forward. A
new function generator would therefore
seem to be in order. Furthermore, it will
not have escaped our readers’ attention
that Elektor has been publishing a series
of test instruments. Actually, it is not really

a series, but as we haa quite a few lab
instruments on our planning sheets we felt
it would be worth while to put them all in
the same cases to form a ‘family’. It all
started with the pulse generator and capa-
citance meter, now we add a function
generator and next month it will be a fre-
quency counter. What comes after that
'you will just have to wait and see.

A new function generator could be
expected to have a completely new con-
cept and be made with the latest ICs. That
is what we thought as well but after
searching for a replacement for the
XR2206 we decided to remain faithful to
this old IC. There are a number of reasons
for this. First of all, the function generator
must retain a fairly simple layout. The cir-
cuit must not become too expensive and
it must not contain exotic ICs that are not
freely available. A completely discrete cir-
cuit seemed too complicated to guarantee
that every one built would work properly.
A digital solution (with the waveform
stored in an EPROM followed by a digital
to analog converter) would be very up to
date but would require expensive, difficult
to find components. What it all comes
down to is this: although ten years old, the
XR2206 still seems the best IC to use as
the heart of a new function generator.



Deciding to use the XR2206 in a new func-
tion generator does not mean falling back
on an old design. We have used a number
of clever (we are modesl today, aren’t we)

The circuit

We will start with the simplest part of the

circuit: the power supply. This has the
sual with

solutions to
(infamous even) dmwbacks of the 2206.
How this is done is described elsewhere
in this issue by the article ‘the XR2206 in
the function generator’.

What can it do?

The aim was clear: to develop a small, ef-
ficient function generator. Nobody wants a
huge case covered in knobs and switches
if they can have a good-quality basic
instrument that is not completely
shadowed by the (rather expensive) ready-
made units that are available. As the
technical specifications in the table here
show, we think we have succeeded in this
and even the front panel (figure 5) is quite
attractive. The standard waveforms are
available: sine, triangle and square. Price
considerations mean that digital frequency
setting and read-out have not been in-
cluded. This is taken care of by a single
knob, which, once calibrated, is accurate
enough. It is always possible to connect a
frequency meter to the generator to see
exactly what frequency is selected. For
normal use it is important to have a large
output-voltage range with a variable offset
level. The DC OUTput has a maximum
amplitude of 10 Vpeak-peak at an output
impedance of 50 Q. The offset can be
varied between —5 V and +5 V, which is
of particular use where a square wave at
TTL or CMOS level is needed. A separate
output for audio use (AC OUT) is fitted
with an output capacitor; its signal level
can be set between 10 mV and 1V (again
peak-peak) and the output impedance is
600 Q.

The signal is kept as clean as possible at
higher frequencies by the use of a wide-
band d.c-coupled output amplifier. To be
honest we must admit that the sine
waveform is not completely free of distor-
tion but this is an evil shared by almost all
function generators. Distortion measure-
ments on hi-fi equipment should be made
with an actual sinewave generator (such as
a Wien bridge oscillator). We have none
the less done our best to make the
sinewave as pure as possible. The result of
our labour is shown in figure 1; the upper
trace shows the waveform from the Elektor
function generator while underneath this
is the equivalent from a ready-made gen-
erator that is also based on the 2206.
Clearly, ‘our’s’ is the better waveform, with
less than 0.5% harmonic distortion.
Another important detail is the VCO input.
This is used to provide a linear frequency
control in a range of 1..
voltage of 0.1...10 V
The circuit will only work optimally if the
tracks on the printed circuit board and the
wiring in general are kept short. For this
reason the board we have designed is
double-sided. This not only improves the
quality of the waveform, it also makes con-
struction easier.

.100|based on a d.c.

mains transformer, bndge Teclifiar, and a
pair of voltage regulators (IC4 and IC5) to
provide the symmetrical + and —15 V. The
purpose of LED D9 is to indicate that the
generator is switched on. The maximum
supply voltage to the XR2206 is only 26 V,
owever, so + and —8 V are fed to pins 4
and 12 of ICI respectively via zener
diodes D7 and D8. Within the IC is a very
stable voltage reference giving 3 V d.c.
(relative to the negative supply line). This
voltage, which is available at pin 10 of the
IC, is decoupled by capacitor Cl and is
used in this circuit as a reference for the
frequency setting by means of P2. The
reference is buffered by IC2 in order to
reduce the load on it. This same
reference voltage is also present at pin 7
of IC1. The frequency of the 2206 is
directly proportional to the current flow-
ing from this pin, which is determined by
the voltage at the wiper of potentiometer
P2. When the voltage here is high, 3 V for
example, very little current flows so the
frequency is at its minimum (fmin). The
frequency is highest (fmax) if the voltage
at the wiper is low (when the wiper is
turned completely to the negative supply
side). Note that all the voltages quoted
here are relative to the negative supply
line. The lower and upper limits of the fre-
quency scale can be changed with
presets Pl and P3.
‘The FSK input, pin 9, of the IC is usec! to
switch the frequency setting of the 2206
from pin 7 to pin 8. When S2 is switched
to EXT potentiometer P2 no longer has
any effect and it is the current from pin 8
that determines the frequency. This cur-
rent depends on the control voltage
across resistor R9, which is provided by
the VCO input via IC3. The 3140 invers
the VCO voltage so that when it increises
the frequency also increases. At the sime
time IC3 sexves to ensure that the VCO
voltage range corresponds to the range to
which ICI reacts. To do this the non-
inverting input of IC3 is linked to the 3V
reference via voltage divider R6/R7. If the

.VCO input is not required this whole sec-

tion can be omitted. This includes IC3,
5. ..R9 and S2. The connection for the
common pole of 52 must then be

function generator

Figure 1. The sinewaves
generated by the Elektor
function generator
(above) and a ready-made
equivalent (below).
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function generator

Figure 2. The circuit of
the function generator
consists of three basic
sections: the generator
based on IC1, the d.c.-
coupled output amplifier
(T4....T8) and the sym-
metrical supply (IC4 and
C5).
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grounded. The actual frequency range of
the generator is decided by capacitors
C3...C8 and is switched by means of
switch S1. Two electrolytics in series are
used for the lowest range, giving the
equivalent of a bipolar 11 4F capacitor.

A rather complex procedure is used for
selecting the different waveforms, based
on three-pole switch S3. A sinewave is
produced when $3 is in position a. Part A
of the switch then electronically inserts
preset P4 between pins 13 and 14
(waveform adjust) via VMOSFET TI. Part B
shorts the output of T2 by connecting it to
—8 V so that the square wave cannot
distort the sinewave. Part C feeds the
signal from ICl, after buffering by T3, to
the output amplifier.

Position b selects the triangular waveform.
Section A now deselects the forming of a
sinewave via the BS170, section B still
disables the square wave and section C
again feeds the signal to the output ampli-
fier. One small change noted in this pos-
ition is that the signal from ICI (pin 2)
travels via a voltage divider after T3. This
is needed to keep the amplitudes of the
sine and triangle the same at the output as
the XR2206 gives the triangle a much
greater amplitude than the sine.

The square wave is selected when S3 is in
position c. Again Tl is kept ‘off’ by means
of part A. Section B allows the square
wave, which is amplified by T2, to pass on
via section C to the output amplifier.

The square wave is always available at the
SYNC OUTPUT of ICI (pin 11). Its
amplitude is only 0.5 Vpp but it is a pure
waveform. All dc. components are
blocked by capacitor C10. The symmetry
of the waveform can be changed by
means of preset P7 connected between
pins 15 and 16. The amplitude of the
signal output at pin 2 is set with preset P&
and its d.c. value is changed by means of
preset PS. The AM input of the 2206 (pin 1)
is fixed at +4 V d.c. by voltage divider
R3/R4.

The output amplifier is completely
discrete, consisting of a differential ampli-
fier (T4 and T5), a driver (T6) and two
power transistors (T7 and T8). The gain of
this whole section is determined by the
ratio R30 : R29, which works out at a little
more than three times. A 15 pF capacitor,
Cl2, is included to ensure frequency
stability without effecting the amplifier’s
slew rate too much. The quiescent current
of the output stage is set by diodes D1
and D2. The output current is limited by
resistor R35, which also defines the
impedance of the DC OUTput. The d.c.
offset can be set with potentiometer P9.
Output ‘volume’ is controlled by means of
P8. A bipolar electrolytic, consisting of
capacitors C13 and Cl4, is used for d.c.
suppression. The output voltage is
lowered by voltage divider R36/R37,
whose values are chosen to give an
impedance of 600 Q.



Parts list

Resistors:
R1, R25 = 100Q
R2

=
R3, R4, R12, R13, R15,
R17 = 10k

RS, R6, R7, R8 = 1M, 1%
metal film

R11 = 10M
R14, R16, R19, R22, R23,
R27, R32 = 1k

R18 = 1k2

R20, R29 = 1k5

R21 = 390 Q
R24, R37 = 680 @
R26 = 12k

R28, R30 = 3k3
R31 = 47

250 k preset
(vertical type)

P2 = 470 Q wire-wound pot
(with long spindle)
P3 = 1

(vertical type)
P4 = 500 2 preset
(vertical type)

5 = 10 k preset
(vertical type)

P6 = 50 k preset
(vertical type)

P7 = 25 k preset
(vertical type)

P8 = 10 k log. pot.

(long spindie)

P9 = 10k fin. pot

(long spinde)
Capacitors:

Cl = 14/16V

c2, c1o, C1s,

C16 = 10.4/16 V
C3,C4, C21 = 2 w/25V

function generator

Figure 3. The printed cir-
cuit board for the func-
tion generator is
double-sided, thus keep-
ing wiring to a minimum
and the connections to
the board short.

Both sides of this board
are shown on the printed
circuit board pages near
the centre of this issue.

C13, C14 = 470 u/25 V.
C17, C18 = 100 u/25 V.
C19, C22 = 220 u/40 V.
€20 = 100n

Semiconductors:
D1, D2 = 1N4148
D3...D6 = 1N4001

D7, DB = 6V8/1 W zener
D9 = LED, red

T1 = BS170

T2 = BSX20, 2N2369
T3...T5 = BCS47B

T6 = BCS578

7 = BD139

8 = BD140

IC1 = XR2206

IC2 = LF366N

IC3 = CA3140E

Ic4 = 7815

1C5 = 7915

Switches:

S$1 = double-pole 6-way

rotary wafer switch
2 = miniature single-pole
toggle switch
3 = 4-pole 3-way rotary
wafer switch
S4 = miniature double-pole
mains switch

Miscellaneous:

3 off BNC sockets (screw
mounting)

1 off d.c. power socket for
VCO input (see figure 2)
(Cirkit/Ambit)

Heatsink for IC4 and IC5
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function generator

Figure 4. These are the
output signals that the

function generator can

provide: a sine, triangle
and square wave

(200 us/division horizon-
tal, 1 V/division vertical)

Figure 5. This front panel
gives the project an
attractive finished
appearance. Before stick-
ing the foil to t
Verobox’s aluminium
panel all the holes must
be drilled

1.30 elekior india january 1985

Take care in construction

Any test equipment, especially if it is
home-made, must be trustworthy. This is
only possible if it is constructed and
calibrated very carefully so read the rest
of this article before plugging in your
soldering iron.

The printed circuit board designed for

this project is double-sided but does not

have through-plated holes. For this reason

a number of components must be

soldered at both sides of the board. In

these cases there is a copper pad at each
side. The parts in question are listed
below and we suggest that these should
be mounted first.

M One connection each for Pl and P7.

B One side of R2, R3, R4, R6, R7, RI2, RIS,
RI17, R20, R22, R24, R25, R28, R29, R37,
and C20.

B The negative side of Cl, C2, CI5 and
Cls.

R The positive side of CI7 and C2l.

W The collector of T3 and T5.
The emitter of T2.

W Both sides of CI6, CI8 and D8.

B Two connections each of P5, P9 and
1C4.

B One connection of IC5, 52 and the DC
OUTput

B Finally, there are two pairs of connec-
tions through the board near both 1C2

and IC3. These consist of four wires

inserted in the appropriate holes and

soldered at both sides.

The connection points for the poten-
tiometers (P2, P8 and P9), the sockets, the
transformer and switch S2 can be fitted
with soldering pins. Those for P2, P8, P9
and the transformer are fitted on the
reverse side of the board, the others on
the component side. Make sure that the
‘collar’ on the pins is not too wide or it
may cause short circuits on the board.
The MKT capacitors are mounted slightly
above the board to prevent shorts. The
Ppotentiometers must also be mounted
carefully so that they do not foul any other
components.
The voltage regulators, IC4 and ICS, are
placed on the reverse side of the board,
with the metal mounting base facing P2.
Each of these ICs must be fitted with a
heatsink, or they may both be mounted on
a piece of aluminium of about
60 x 100 mm (and 1.5 mm thick) as we
have done. In either case the ICs must be
electrically isolated from the heatsink(s).
There are numerous different types of
rotary wafer switches that could be used
for this project. If the switches used have
a movable detent so that only the number
of ways needed can be switched it is
advisable to use this.
As in our other ‘test equipment series’
projects the printed circuit board is
dimensioned to fit snugly in a Verobox
(number 078-01411D, 205 x 140 x 75 mm).
The corners of the board must be filed a
bit to make it fit perfectly into the slots
provided in the case. The project is given
a very attractive appearance by the self-
adhesive front panel foil that should be
stuck onto the case. The appropriate holes
should be drilled beforehand. The ‘power
LED and the VCO socket are stuck onto
the back of the front panel using two-
adhesive. The
clearly show how all the hardware fits
together. The fact that all the electronics
fits onto a single printed circuit board
greatly simplifies matters.

Calibration
Not all the presets are accessible after the
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circuit has been fitted into the case so it is
easier to calibrate them first. Connect the
power transformer temporarily and before
switching on set the presets as follows:
Turn P8 fully right (maximum amplitude),
all other pots and presets to mid-position,
S2 closed, S3 set to square wave (c) and S1
to the 1...11 kHz range (d).

The power may now be applied. Connect
a multimeter (with the most sensitive d.c.
range selected) to the DC OUTput and set
P9 so that the meter reads zero volts.
Measure and note the peak to peak
voltage of the square wave at this output
with an oscilloscope.

The triangle wave is then selected with 53
(position b) and the peak to peak voltage
is again measured. This value is trimmed
with P6 until it is the same as that just
measured for the square wave. At the
same time the d.c. voltage at the output
(seen on the multimeter) is set to zero
volts with P5. Repeat this adjustment of P§
and P6 a few times until both amplitude
and d.c. voltage are correct.

The sinewave is now selected by means of
S3 (position a) and presets P4 and P7 are
then used to reduce the distortion as
much as possible. A distortion meter
could be used for this but it is also poss-
ible to set it up ‘by eye. Turn P4 and P7
and see how they effect the waveform on
the oscilloscope.

The final calibration involves setting the
scale division. The front panel should be
placed on the printed circuit board,
taking care not to cause any short circuits,
and a suitable knob is fitted onto P2. The
knob should be fitted onto the spindle in
such a way that the whole range of the
scale can be scanned. Turn P2 until it
points exactly towards ‘' on the scale and
then set the frequency to exactly 1 kHz
with P, measured with an oscilloscope or
frequency meter. The knob is then turned
to ‘10" and the frequency is set to 10 kHz
by means of P3.

The other ranges are then automatically
calibrated, as far as the tolerances of
C3...C8 allow. If 8% capacitors are used
the ranges are accurate to within 5%. An
exception to this is C3 plus C4. The
nominal value of the resultant capacitor is
already 10% too large (as it is 11 uF instead
of 10 4F) and the electrolytics have a
tolerance of —10/+50%. Experimenting
with different electrolytics should enable
this lowest range to be made accurate.
Perfectionists can also test the tolerance of
the other capacitors (this is child’s play
using the Elektor capacitance meter). Fur-
thermore cermet presets could be used
for P1 and P3, and metal film resistors for
R2, R9 and RI0. A small frequency meter
could also be made to give a direct read-
out of the function generator’s output.
None of this is strictly necessary, however.
The original intention was to make a

straightforward test instrument and that is
L]

what this is without all the extras.

function generator

Figure 6. This is how the
function generator is put
together. Front panel,
printed circuit board and
back panel simply slide
into grooves in the case
(if the right Verobox is
used). The switches,
potentiometers and
sockets are fitted to the
front panel. Transformer
and a fuse holder, and
possibly a socket for the
power, are mounted on
the back panel.

B.: It is very important
to insulate the power
switch well (and ideally
the transformer connec-
tions also) as there is a
danger of it touching C19

Figure 7. In this photo the
function generator is
completely finished,
except for the lid which
still has to be put on the
case. The mains cable
travels via the printed cir-
cuit board to the power
switch on the front panel.
Both voltage regulators
(on the reverse side of
the board) are fixed onto
a home-made heatsink
The wire-wound poten-
tiometer for the fre
quency setting is located
under the heatsink.
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time switch

for NiCd
chargers
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The usual i NiCd

in el

outlets are normally of Far Eastern oril

retail

, but that in itself is of little

consequence. They often suffer the disadvantage, however, of not
having a charging time control. You therefore have to keep an eye on
the charging times and this may be done with an ordinary alarm
clock. This is not the answer, however, if you want the charging to
be done while you're away. In that case, you could not do much

better than build the inexpensive time switch described here:

is so

small that it can readily be fitted inside the housing of most chargers.

time switch. ..

The circuit diagram of a popular inex-
pensive NiCd charger is shown in figure 1.
Here, the NiCd batteries are charged from
half-wave rectified and transformed-down
mains voltage. Four 1.5 V cells and one
9V battery may be charged simul-
taneously: two of the four 1.5 V cells on
the positive half cycle and the other two
on the negative half cycle. The 10 ohm
and 270 ohm resistors limit the charging
currents to safe values. The LEDs (light-
emitting diodes) indicate that the cell or
battery is being charged. If one of them
does not light, it indicates that (a) the bat-
tery or cell is not seated properly in the
holder, or (b) that the battery or cell is
defect and therefore n%l‘ charging, or (c)
that the LED is malfunctioning.

The circuit diagram of the timer switch is

shown in figure 2: it consists essentially of
ICs 1 and 2 and a relay. To prevent the
transformer having to supply the charging
current as well as the current to operate
the relay, the relay does not draw current
during the charging period. The quiesc-
ent current for the time switch amounts to
only 200 uA! The supply voltage for the
circuit is obtained by full-wave rectification
of the second of the three available tras
former secondaries, and smoothing the
pulsating direct voltage with C3. (The
transformer is, of course, that already
available in the charg

The timer clock fxequency (36 Ha) is
generated by oscillator R1/R2/P1/C] and
the relevant parts of IC1. Integrated cir:
cuit 1 also contains a divider chain of
which here the :1024 branch (available at



pin 18) is used. The divided-down clock of
36/1024 Hz is further divided so that charg-
ing times of %, 1, 2, 4, 8, and 16 hours are
available, depending on the setting of
switch S

After the set time has lapsed, a logic high
appears at the wafer of SI (terminal M).
Transistor Tl is then switched on, and the
relay, Rel, is actuated. The logic high
signal also causes the oscillator to stop via
DS.

‘When the relay is inactive, its contacts
connect A to B (see also figure 1), and
charging current can flow; when it is
actuated, the connection A-B is broken,
and no charging current can flow.

It is, of course, not always convenient to
keep plugging in and unplugging the
mains supply to the charger, and yet it has
to be possible to override the relay and

switch the charging current on again. For
this purpose, spring-loaded RESET switch
S2 has been provided.

Construction

1f the time switch is constructed on the
printed circuit board shown in figure 3, no
special problems should arise. Be sure,
however, to use the correct relay. Once
the board is ready, a place should be
found for it in the charger.

It should in virtually all instances be poss-
ible to mount switches Sl and 52 on the
front panel of the charger. Make sure,
however, that their terminals are access-
ible for soldering after installation. Con-
nection between them and the printed
circuit should be made in not too thin
insulated stranded wire.

1
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time switch.

Figure 1. Circuit of a
typical, popular NiCd bat-
tery charger. It allows the
simultaneous charging of
four 1.5 V. cells (of various
sizes) and one 9 V bat-
tery. The time switch is
connected between
points A and B.

Figure 2. The circuit of

| and B in figure 1.
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time switch

Figure 3. Compor
layout and track side of
the printed circuit board.
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Parts list
Resistors:

R1 = 220k

R2 = 100 k

R3 =1k

R4 = 10k

P1 = 100 k preset
Capacitors:
cl=8n

C2 = 10W/16V
€3 = 100 /16 V.

Semiconductors:

Miscellaneous:
iniature single-pole
6-position rotary switch
$2 = miniature spring-
foaded push-button, push
to make

Rel = miniature relay for
PCB mounting, single-pole
change-over, 6 V, 360 &
Printed circuit Dot 84107

Finally, the (earth) return line in the
charger should be broken to provide
points A and B; where this is done
depends on the location of the time
switch: the connections should be kept as
short as possible.

Different chargers, of course, call for dif-
ferent considerations. It is also possible to
give the time switch its own mains trans-
former with a 6 Vyms secondary, and
house both in one case to form a universal
time switch. Universal, because it is poss-
ible by altering the values of the oscillator
components to change the frequency.
Moreover, it is possible to change the
divide factors by using different pins on
IC1 and IC2 (see tables 1 and 2).

If, for instance, you replace Sl by a single
pole, 12-way rotary switch, and connect
outputs Q3...Q8 and Qll...QI3 of ICI to
a 10-way rotary switch, all sorts of possible
divide factors are obtained. Even more
possibilities arise when the internal oscil-
Tator of ICI is replaced by an external
clock generator, which should be con-
nected to pin 1. The clock frequency
should, however, not exceed 1 MHz.
Calibration is simplicity itself. Set Sl to
position V2’ and ascertain with your wrist
watch or other convenient clock whether
the relay switches over after half an hour.
The accuracy in the remaining positions
of S1 may then be taken for granted. If
necessary, P should be adjusted and the
half hour check repeated. In mostin-
stances it is sufficient to simply set P1 to
the centre of its travel.

Good luck, and drop us a line if }ou have
found another application of the time
switch which you feel may be of interest
to other readers.
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with a pencil point

W. Schmidt

witha
peneil

point

Many electronics enthusiasts look on
solder removing as a loathsome job. This
is especially true of printed circuit
boards with narrowly-spaced conductors.
Things which often happen when one is
trying to desolder are:

- The solder forms bridges between the

conductors.

Blobs of solder drop off the board.

De-soldering tools or wicks are available
commercially, but there is no need to
lay out that kind of money. Any work-
shop toolbox should yield a really cheap
device which will do the trick — a pencil.
Propelling pencils with long leads of 2B
or B hardness are particularly suitable
(e.g. clutch pencils). To remove solder
from a hole, the solder must be heated
with a soldering iron until it melts
(figure 1). The next step is to stick the
pencil point in the hole, and take away
the iron (figure 2). Where the pencil
lead touches molten solder, the solder
umps’ away, because of its surface
tension, and the hole is cleared of solder
(figure 3).
A similar method can be used for get-
ting rid of bridges of solder between
tracks. To do this, the pencil point is
laid flat on the molten solder between
the tracks.

138
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give your soldering tip
a longer live

give your soldering tip a

longer life

The life expectancy of the tip of a soldering

n may be increased

substantially by heating the iron to full capacity only during actual

use. To accomplish tl

, the input power to the iron is reduced during
the periods the iron is resting on its stand. Thi

is achieved by using

only one half of each cycle of the mains voltage during the rest

period.

Heating of the iron during half cycles of
the mains voltage only is effected by con-
necting a suitable diode in series with the
“live” mains conductor as shown diagram-
matically in figure 1. A suitable actual
arrangement of this is shown in figure 2.
When the iron is suspended at rest, the
spring-loaded switch is open, and the
diode passes only one half of each mains
voltage cycle. When the iron is lifted for
use, the draw spring causes the switch to
be closed by the aluminium strip: the
diode is then short-circuited and full
mains power is applied once more to the
iron.

The fuse in series with the diode protects
it during the transient caused by the clos-
ing of the switch. The neon lamp
indicates when only half power is being
supplied to the iron.

This type of arrangement has the advan-
tage that it is suitable for use with any

soldering iron, but it is almost twenty
years old. Nowadays, pulse control instead
of half-wave control us used.

In pulse control, the soldering iron is
heated for only 50...90 per cent of the
time the mains is on. The relation of the
control pulses (Q) to time is shown
diagrammatically in figure 3: at the top the
mains voltage, 240 V/50 Hz, under this the
clock pulses derived from the mains, then
the Q pulses which switch the heating
element, next the voltage across time
determining capacitor C2, and finally the
part of the mains voltage actually used for
heating.

Circuit description

The circuit of the soldering iron regulator,
figure 4, is quite uncomplicated. In the
following, the description is on the basis
of figure 3.

with this
economy circuit
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give your soldering tip. 1
a longer live
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Figures 1 & 2. The old ot
solution to the problem
of aiscieiting soldering
chanical
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nections.
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Figure 3. Wavefor ‘ i
diograms associated with
the modern solution to
the problem of over-
heating soldering tips.
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The mains voltage, Up, exists across ter-
minals B. The circuit is closed via heating
element A and power switch Tril. The
operating voltage for the control circuits is
derived from a small transformer, Trl, rec-
tifier diode D1, and smooﬂunq capacitor
1; it amounts to about
The clock pulses are obtamed as follows.
First, the mains voltage is reduced to
about 10 Vg by voltage divider R1/R2.
This voltage is then applied via current-
limiting resistor R3 to the base of transis-
tor T1. The transistor conducts during the
positive half cycles of the applied voltage,
which causes the voltage existing at the
CLK input of bistable FF1 to be nullified.
During the negative half cycles, diode D1
conducts, Tl is cut off, and the voltage at
the CLK input of FFI goes high again. All
this happens at a frequency of 50 Hz.
The bistable is set (Q logic low) at the ris-
ing edge of the clock signal. Capacitor C2
is then discharged via RS and D3. The
clock pulse will reset FF1 so that output
Q goes logic high; the level at input D
remains logic 0. Capacitor C2 is then
charged via Pl or P2 and RS. The
diagrams in figure 3 show that charging is
completed before the next rising edge
arrives at the CLK input. This edge sets
the bistable afresh so thal Q becomes
logic low again.
The charging time depends on the setting
af Pl or P2: the time constant is a
minimum 6.7 ms (R5C2) and a maxlmum
417 ms (R5+x=1)cz or (R5+P2)C2. Thi
means that Q may be switched at ﬁe—
quencies of 80. ..2.4 Hz, resulting in the
supply of heating power between 50 and
95 per cent of the time. If the poten-
tiometers are provided with end switches,
it becomes possible to get heating power
all the time. In our opinion, however, such
switches are not necessarily a good thing,
for although the consequent losses during
use of the iron are negligible, they are not
so during the rest periods.
The two potentiometers enable setting the
heating power during the rest periods and
the periods of use respectively. Switch SI
— which could be arranged as shown in
igure 1 — selects either of the two states.
The 'Q output signal of FFI triggers the
triac, Tril, via transistor T2: the triac
switches the soldering iron on and off.
When T2 conducts, LED D4 lights, so that
the blinking of this diode is a measure of
the power being supplied to the iron: fast
blinking means high average power, while
a slow rate indicates low average power.

Construction
‘When printed circuit 84112 is used, the
construction becomes almost child’s play.
Terminals A. ..D have been so arranged
that two four-way spring-loaded terminals
may be soldered to them: the four sets of
connecting wires can then conveniently
be clamped into them. The triac is a fully
ted type which means that none of
its terminals is connected to the housing.
The circuit is suitable for use with 240 V



1N4001

%101=4013

soldering irons of 15. . .1500 watts. It is
also possible to control other resistive
heating elements, such as immersion
heaters, with the circuit. If, however, the
circuit is used for the control of heating
elements combined with a fan, such as
hair dryers or fan-forced heaters, it
becomes necessary to connect a 220-ohm
resistor in series with a 47 nF/400 V.
capacitor across the triac.

No calibration is required: it is only
necessary to set one potentiometer for the
required power during the rest periods,
and the other for the required power dur-
ing use. Inevitably, this means that some
compromise between the two require-
ments has to be found as on the one hand

the power during the rest periods should
not be so low that it takes too long for the
iron to reach normal heat after being
picked up for use, and on the other, that
this power should not be so high that the
tip of the iron overheats during the rest
eriods.
As already stated, switch Sl may be
arranged as shown in figure 1.

give your soldering tip
a longer live

Figure 4. Circuit diagram
of the economy unit.

Figure 5. Printed circuit of
the economy unit.

Parts list

Resistors:
R1,R6 = 47 k
2 = 2k2
R3 = 4k7.
2k

P1,P2 = 500 k linear
potentiometer (if required,
with end switch — see
text)

Capacitors:
1= 220 w25V
=80n

Semiconductors:
= N

D1 =
D2,03 = 1N4148
D4 = LED

T1,T2 = BC5478
il 26D

IC1 = 4013

Miscellaneous:
$1 = SPDT switch, if
required push-button type
Tr1 = mains transformer,
9 V/100 mA secondary
2 four-pole spring-loaded

for PCB use

Printed circuit board 84112
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computer-controlled

slide fader

The use of two slide and this lled slide
fader enables the pictures to fade into each other on the screen at a
variety of speeds. The fader is a versatile circuit that can be used for
a number of applications other than the control of slide projectors. It
allows the gating angle of two devices, such as lamps or motors, to

11 ixty-th

be arranged by computer: the angle may be increased or reduced

y at up to y

for the i

speeds. Within a given

program, the circuit also pi

equipment connected to it.

of up

to four relays. Moreover, it provides an eight-bit input for data from

computer-controlled slide
fader. . .

..can also be
used for phase

gating

other

devices

Boure 1 This Dlocks actuate four relays independently of one
view of function of another. When all this had been incor-
the complete circt
K sn s
S S dag
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driver/
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decoder
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e tor TS| driver/ clock clock
22 xSpactum latch 3 2
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o
o
driver/
latch
o ic3
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The circuit came into being from a desire
to design an easy-to-use slide fader that
could be controlled by a computer — any
computer — and which would fade slides
smoothly. This necessitated filed address
decoding and automatic control of the
switch-on and fading of the projector
lamps. Moreover, it was thought desirable
for the projectors to be switched forward
and backward independently of each
other. To make this possible, it was found
necessary for the circuit to be able to

porated, we had an interface that was
clealy also usable for purposes other
than the control of slide projectors. It
seemed therefore logical to add an eight-
bit input port via which messages from
equipment connected to the interface
could be read.

Block diagrams

A schematic view of the complete circuit
is shown in figure 1. The complete
address bus, A@. . .AlS, and the required
control bus connections are taken direct

PCB 1 q——— !l —PprcB2

n

driver/
latch

1c17

i sansa
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to the address decoder. Examples of the
decoding with the ZX8l, ZX Spectrum,
Commodore C64, and the Junior (with
extension bus) are given later in this
article. The address decoder generates
four CS signals which select eight-bit
memory units: three output and one input.
Writing into the output memories and
reading the contents of the input memory
takes place via the data bus.
The four relays are controlled via two
lines of two output ports; all other lines of
the output ports are used for the program-
ming of the two counters. These counters,
synchronized with the mains frequency by
a zero crossing detector, are the real heart
of the circuit in that they provide the
desired phase shift and generate the trig-
ger pulses for the triacs. A special output
stage enables these triacs to fire very
close to the zero crossing of the mains fre-
quency.
The triac output stages are electrically
isolated from the control stages by opto-
coupler. They have been arranged so that
they may be connected to different a.c.
supplies. The two supplies must, of
course, be in phase or anti-phase.
The schematic in figure 2 shows the
counters in more detail. It should be
noted that the terms "fading”, "'coming
on”, and “fading speed” used in the
follwwmg apply, strictly speaking, to lamps
in the case of motors, these should
be “reducing speed”, "increasing speed”,
and "rate of reduction, or increase, of

speed” respectively. In proper technical

. terminology, we should have used

“increasing, or decreasing, gating angle”,
but that might have become too con-
fusing.

Counter 1 is loaded with the fading speed
by the computer, and counts downwards.
When counter position "0” is reached, a
clock pulse is given to counters 2 and 3
via the time lapse control stage, while
counter 1 is loaded again with the content
of the memory unit (which makes it poss-
ible for the fading speed to be altered
during fading or coming on). Counters 2
and 3, both type 4516, are connected in
cascade and thus form a composite
counter. The direction of counting is
reversed via U/D. During the coming on
period of the lamp, the counter is loaded
by a pulse on PE with bit pattern 1111 1111,
and switched to downward counting via
U/D. During fading, counter 2/3 is reset to
0000 0000 by a pulse at RST, and switched
to upward counting via U/D.

Counter 4 is triggered by the zero-
crossing detector, loaded with the actual
content of counter 2/3, and then counts
downward from that content. As soon as
counter position "0 has been reached,
the ZD (zero detect) output is actuated,
and this causes the trigger generator to
impart a pulse to the triac. At the same
time, the clock output is disabled. On the
next pulse from the zero crossing detec-
tor, this process repeats itself, and so on.

computer-controlled
slide fader

Figure 2. The counter
units in figure 1 consist of
three interconnecte
counters the function of
‘which is represented in
this diagram.
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Tic 2830

computer-controlled
slide fader

The content of counter 2/3 keeps on
changing, of course, as this counter is
clocked by counter 1

Summarizing, counter 1 functions as pro-
grammable clock generator for

counter 2/3, while the content of
counter 2/3 is loaded into counter 4 to
determine the phase gating angle.

The time lapse control stage ensures that
the lamp stays on after coming on, and
remains out after fading, until a new pro-
gram is used, and that at the onset of
fading the lamp does not prematurely
extinguish.

Circuit diagrams
The circuit of the control board is shown
in figure 3, that of the triac
igure 4. Starting with ﬁguxs 3, Ihe addxess
decodex for the various computers will be
a little later on. cir-

speeds of counter 1 and counter 2
respectively.

'he arrangement of the remainder of the
stages in figure 3 as compared with the
block diagram of figure 2 is as follows
(counter 2 in brackets):
counter 1 = IC4 (ICS);
counter 2/3 = IC8/1C9 (IC10/ICIl);
counter 4 = IC6 (ICT);

time lapse control = NI...N3, D], D2, R2,

R3, C2 (NI0. ..NI2, D3, D4, R4, R8, C4);
trigger generator = N5, RS, C3 (N7, R6,
Cs),

clock oscillator 1 = N4, R, P1, CL;
clock oscillator 2 = N9, RY, P2, C6.
Control of counters 1 and 2 is provided by
1C2: Q@...Q3 for the former and Q7...Q4
for the latter (the single port lines are
shown in figure 2).

Note that the 0° line in figure 2 becomes
logic 0 when the desired gating angle is

cuit 17 is an input port which is actuated
by CS4. The three output ports are formed
by ICI...IC3: the number of the port cor-
responds with that of the IC. Outputs Q6
and Q7 of ICI and IC3 serve to control

e relays. Outputs Q9. ..Q5 of the same
ICs are used for programming the fading

power): the output of N§
(N7) is consequently logic 1 during the
entire following half cycle.
On the triac board shown in figure 4, DI,
D2, D7, D8, Cl, C2, C4, R4, and RS form
the power supply for the zero crossing
detector. This detector itself consists of
1...N4, RI1...R3, and C3, and drives

Figure 4. Apart from the
and associated

zer0 c
and the four relays
their drivers. This b
may be cut into parts.
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computer-controlled 5 opto-coupler IC2, which provides the

slide fader required electrical isolation, via Tl and
R6. The output signal of IC2 is shaped
into a clean low-active pulse for the
counters by T2, T3, R7...R9, and DS.

The power supply for the two triac stages,
which — like the counters — are identical,
is formed by D3...D6 and CS. Opto-
couplers IC4 and IC4’ are driven by T4
(TS) and RI0 (R1]). The trigger pulse at the
output of the opto-coupler is regenerated
by T6 (T6) and RI3...RI7 R13..RIT’) and
then applied to the gate of the triac. The
triacs used are of medium heavy duty
type TIC 263C, enabling lamps of up to
400 W (at 24 V) to be switched: maximum
permissible current (with resistive loads)
I(rms) = 26 A. The triacs are protected
against spurious surge currents by C7 and
RI2 (CT and RI2’). When the triacs are
used to switch 240 V lamps, a suppressor
choke of 30. ..50 uH should be connected

Figure 5. Photograph of
the adapter which inter.
faces the control circuit

oo in series with the lamps.
ekt The relays, controlled via gates NS. ..Ng,
adapter for use with the are of the DIL type, and are protected by
X Spectrum. free-wheeling diodes DI0. .. DI3
6 Completion of the two printed circuits
e shown in figures 9 and 10 is straightfor-
s ward and is, of course, to some extent
GG dependent upon the application of the cir-
COMMODORE ot Elskiprins cuit. The triac board may be suitably div-
ot ided as shown in figure 10. In any case,
exoon Siol= the parts of the boards where mains
030 voltage is present should be insulated by,
FeRa | ey 232 for instance, a layer of glue applied with a
s S{fc mme (876 oo e
fpo wn D o3 060 |02
ko %|o%3 | Addressing
i Ca ) 210 The address decoder consists of two 8-bit
B | Hi (e comparators type 7415688 (IC14 and IC15),
i oz oflju A |, ouo a 2-bit binary decoder and demultiplexer
Pl B S type 74LSI55 (IC16), a number of wire
g owmolpe e omo bridges, a...s, and sixteen switches,
e ol | Tivd palioneo i sl.. sxa contamed in two 8-way DIL
o | 1t | o710 [ar The twio 74156885 compare the information
Sl | o prloso e set by the switches with the bit pattern at
o1 20fix a1 as| 0240 [as their inputs Q. . .QT. If the two sets of
o0 a1y a0 sl 0350 [a2 data are identical, output P = Q (pin 19)
a2 aw; RS becomes logic low. The two ICs may be
cascaded by closing wire bridge "1” to
give a 16-bit comparator. If wire bridge
"s" i closed, only ICIS is active (as 8-bit
ov comparaton) The output (pin 19) of ICI5
e provides the strobe signal for ICI6.
T Two-bit information is applied to data

inputs P and Q of IC16. Switch-over of the
on-board data dividers is effected via the
1C1-$DF00 57088 R/W line: if the line is logic high, and the
3o 3orae srom information at P and Q "11", CS¢ becomes
1C17- $OFO3 57091 8158 active (w'ntmg), if the R/W line is logic
low, CS1 is actuated when the information
at P and Q is "00", CS2 when the infor-
mation is 10", and CS3 when the infor-
mation is "01".
Tables 1 and 2 give the state of the wire
bridges and switches respectively for use
with the Junior computer. If the Extended
Junior is used, the control board can be
o Gee Wit plugged direct into the extension bus. We
Y e G adbreicat have taken the Junior as an example for
(figure 6) the and will deal with the

H
H
5

163 - $ DE0Z
1G-S DE03 56835
=

/6
He

&l

: .

sate o bridges

Figures 6, 7, and 8. The
1/0 addresses, the exten-

[oxlxe

ktor awitch posiions
bus, the state of the wire [

bridges, and the switch 57
positions are shown here
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Table 1.
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elektorbus ]
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bridge closed
bridge open
Table 2.
2|3|4|5|6|7\B‘9‘w‘nlu‘w\mhsi\s
elektorbus | | | ‘
(Junior) x|olofofofo|x[x]o]o
x = switch closed
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other three computers further on.

The two lowestvalue address lines are
connected to the data inputs of ICI6 via
bridges "m” and "q”. Bridge "r” enables
ICI4 and ICI5 to be combined into a 16-bit
comparator. Address lmes A2, A6, and A7
are connected to the comparator via
Dridges "T’ "7, and "1 respectvely.
Inputs Q6 and O of ICI5 ave conécted
to earth via bridges "c” and "e”, which

necessitates the closing of switches SI3
and S14. Al this results in the decoding of
51 by address E200 (decimal 57 856);
W CS2 by address E201 (decimal 57 857);
M CS3 by address E202 (decimal 57 858);
W C54 by address E203 (decimal 57 859).
A caution here: if, in the Junior, you have
placed RAM in block E (addresses
.EFFF), this RAM must be

deselecled to avoid double addressing.

computer-controlled
slide fader

Table 1. State of the wire
ridges when the Junior
computer is used.

Table 2. Switch positions
when the Junior com-
puter is used.

. .the ZX81 (figure 7)
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The three other computers (with the poss-
ible exception of the ZX81 — see below)
require a simple adapter to interface their
extension connection ("User Port”) with
the Elektor bus. This adapter is made
from a plug which fits the User Port of the
relevant computer, a 64-way female con-
nector, and a small Veroboard. The board
should be cut to the correct size to
enable the plug and socket to be
soldered to it. Appropriate connections
are then made between the plug and
socket with short lengths of insulated
wire. The photograph in figure § shows
our prototype adapter for the ZX Spec-
trum. The two long pieces of wire are for
connections to an external +5 V supply.
Depending on the rating of the power
supply in the computer, it may be poss-
ible to draw the required power from this
supply.

Figures 6, 7, and 8 show the pin out of the
user port, the required connections
between the plug and socket, the pin out
of the Elektor bus (64-way female connec-
tor), the wiring of the bridges, and the
switch positions for the C64, ZX8l, and ZX
Spectrum respectively.

If a C64 without floppy disk drive is used,
it is possible with the change-over switch
in the adapter to choose between output
signals 1701 and I/02, and consequently
between addresses DE@@. . .DE@3 and
DF00. .. DF@3. If a floppy disk drive s fit-
ted, the switch must be set to I/01, and
only address DE@0. ..DE@3 are then
available. It is in that case, of course, poss-
ible to replace the switch by a fixed wire

bridge.

If a ZX8l is used, the bus buffer described
in the July 1984 issue of Elektor India
(page 7-22) may be used instead of the
adapter. Terminals 3la and 29c of the buf-
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fer board should then be interconnected.
Finally, the adapter shown in figures 6, 7,
and 8 may, of course, also be used to con-
nect other Elektor bus boards to the
respective computers.

Programming

The primary task of the programming is
the writing of the data into IC2: this deter-
mines the operation of the two counters.
The bit on data line D@ matches that at the
IC output Q@ that on D1 matches that at
Ql, and so on. The significance of the

single bits is (counter 2 lines in brackets):

W D@ (D7): if this line is logic high,
automatic fading is selected; if it is low,

the prevailing fading state is retained;

M DI (D6): the state of this line determines
whether the relevant lamp is coming on

(logic 0) or fading (logic I);

W D2 (DS): if this line is logic high, com-
posite counter 2/3 is reset;

B D3 (D4): when this line is logic 1, com-
posite counter 2/3 is loaded with bit

pattern 1111 111",

The slide control program contains the bit

patterns of the only four practical

(halild o
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computer-controlled
slide fader

Figure 9. The printer cir-
cuit board for the control
circuit.
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F|qun 10. The printed cir-
it b
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be cut into parts

ey then be fitte
ing of the equipment

bemg controlled (cut ot

dashed lines).

Parts list — control board

Resistors:

multiturn

Capacitors:

€3,C5 = 470 p
C6'= 220 p (see text)
€7...C11 = 100

Samlconducmvs

D1. N4148
Ic1 lca = 7415364
Jancze

1C12, u:|3 |cw = wsz

IC17 = 74LS373

Miscellaneous:

2 SPST octal DIL switches

64-way male connector

Miniature tag board with
two rows of 19 tags each
Miniature tag board with
one row of 17 tags

8 shorting plugs

Printed circuit board 84115-1

Table 3. Bit patterns of
the only four practical
operating states of each
of the two lamps.

Table 4. The bit patterns
of table 3 may form nx—
teen data word:
gramming the A
coming on behaviour of
the two lamps.

both lamps on

both amps coming on
A off, B coming

A on, B coming &

A coming on, B off

A coming on, B on
both lamps fading
A off, B fading

A fading, B coming on
A coming on, B fading
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Table 3.
’7 et [Snae s o1 Do
o4 | ©s | ©6) | ©n
on 0 1 0 1
off 1 0 (] 1
ccoming on 0 '] 0 1
fading o e
Table 4.
07106051041 03107 | 01|00, dec. | bex
101001 [0][1]16
1|ofof1fof1|of1]me
O B O G P
(12407 [Fo%loa 4 aiBoRiio 1
l1{ofolololo|o]f1
1f{ojofol1fojol1
1lofofofof1fof1
11010 1‘0 0 0 1
1 ] 1 0‘0 o 0 1
1j1lolofolo]1]a
1l1{ojoj1l0}o0}1
1i1lojojof1iofs
|1]ofolalofejr]r
1lofifo ofof1]1
‘1 Io olofofof1]1
1 1 olo olo o 1

operating states of each lamp: on, oif
coming on, fading: these

given in table 3. The complete cuclm (that
is, two lamps) therefore offers sixteen
possible combinations which are listed in
table 4. Our master programs have been
50 ammanged that no confusion is likely to
arise. If you design your own program,
take care that it runs sensibly. You may, for
instance, want to interrupt during fading,
o revorsa the direction during fading of
coming on, or something similar. Such
operations have not been catered for in
our programs to keep them to a
reasonable length.

An example, using the Junior: it is
required that lamp A comes on and that
lamp B is and stays off. It is then
necessary to write bit pattern 1601 3001
(= decimal 145) into IC2, address E261
decimal 57857). The instruction for this

is:

POKE 57857, 145

In the case of the C64, this command
would be:

POKE 57089, 145 or POKE 56833, 145
When programming the fading speed and
actuation of the relays, bear in mind that
these are arranged in one IC (IC4 or ICS).
If the relays are not needed, matters are



simple: you write with a POKE command
a decimal number between 1 and 63 into
ICI (IC3). Examples:

Junior computer, lamp A, medium fading
speed:

POKE 57856, 31

C64, lamp B, maximum fading speed:
POKE 57090, 1

ZX Spectrum, lamp A, minimum fading

speed:
OUT 65342, 63

As you see, the smaller the number, the
higher the speed. Note, however, that the
command

POKE nnnnn, 0

is not possible, because counter 1 — see
figure 2 — then cannot operate.

The two highest-value bits are always
logic 0 for decimal numbers between 0
and 63. Table 6 shows how the relays may’
be controlled: when it is required that
relay A (IC)) or relay C (IC3) be actuated,
a decimal number between 129 and 191
should be selected. The correct number
is calculated by adding 128 to the value of
the wanted fading speed. The instruction
in the first of the above examples would
then be:

POKE 57856, 159

If only relay B is to be actuated, add 64 to

computer-controlled
slide fader

Parts list — power board

Resistors:

R1,R2 = 4M7
RIRIZRI7 = 100 k

7
R12,R12" = 220 @ (1 W for

RIBRIE = 10k

Capacitors:
C1,C2 = 100 /16 V
€3 = 100 p

C4 = 10 /16 V

C5 = 470 /16 V
C6 = 100 n

C7,C7' = 100 n (400 V
rating for 240 V supplies)

Semiconductors:
D1...D6 = IN40OT
D7,08 = 6V8/400 mW
D9...D13 = INA148
T1...T5 = BC5S47B
6,76
rit, Trit

= TIC 263D

Ic1'= 4011

1C2,(C4,IC4 = TIL 111
= 7406

Miscellancous:

Red = DIL relay,

secondary 2 x 6 V/100 mA
F1 = 50 mA fuse, delayed

action
Printed circuit board 841152

Table 5
relay A (C) | relay B (D) | fading speed .
= bit7 bit bit 5. decimal range
0 0 XXXXXX 1...63
1 o XXX XXX 129...191
0 1 XXXXXX 65...127
Ji=s i X T3S % x| noa ks

the value of the required fading speed. If
both B and D are to operate, add 192 to
the value of the fading speed. In all cases,
decimal numbers 0, 64, 128, and 192 are
not permitted, because bits 0...5 are
logic low so that the clock generator is
disabled.

Table 6 shows a menu-controlled program
for the Junior and C64 which enables the
reading or programming of the collective
functions of the circuit by entering code
numbers. The program as printed is cor-
rect for the Junior: for the C84, line 2050
should be altered as shown in table 7.
Lines 10...1900 are explained in the
foregoing: the remainder of the lines
arrange for the automatic control of the
relays, so do not again program them!
Tables 8 and 9 give a short sample pro-

Table 5. Bit patterns for
the control of the relays.
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slide fader

Table 6. This sample pro-
gram was written for the
Junior computer: wit

the formation
in this article it may be
adapted for use with
other computers.

Table 7. Adaptation of the
program in table 6 for use
with the C64: only line 20
needs to be changed.

Table 8. A smaller sample
program shows how th
circuit may be controlled
from a 2X

Table 9. Another sample
program to show how the
circuit may be controlled
from a ZX Spectrum.
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57t 76se:asmt0:8sm10

Tino & o

gram for the ZX81 and ZX Spectrum
respectively, and have been added to
make clear the difference in the program-
ming of these computers in comparison
with table 6. Like that in table 6, these two
programs are also menu controlled, a
small menu in the case of the ZX81 and
two small ones for the ZX Spectrum. Lines
20...80 in the ZX8] enable the "poking”
of a machine language routine into the
memory in the range of the REM line (line
10 which is therefore changed after the
first program run). Lines 20. . . 40 load
accumulator A of the processor with the
content of address decimal 16 516. Lines

0. . .60 arrange for this content to be car-
ried onto the data bus, and lines 70. .
contain the RETURN command. Note that
the user function is explained in
chapter 26 of the BASIC handbook of the
ZX8l, and the OUT command in
chapter 23 of the BASIC manual of the
Spectrum.

Final remarks
Before taking the circuit into use, set
presets Pl and P2 to the centre of their
travel. Testing of the circuit should initially
be carried with resistive loads only, even
if you later want to control motors, that is,
inductive loads.
The fading speed is set with P1 and this is
a matter of personal taste.
Preset P2 should be set with the aid of a
frequency counter or oscilloscope so that
oscillator N9 operates at 25.6 kHz (50 Hz
mains only: for other values, the oscillator
should be from

Table 7.
20 0IM (P21 15 : A=57068  B=57089 : C=57090 - AS = 10: 85~ 10

20 0IM (P25 15 ¢ A=56832 B =50833 : C=56834 - AS 1085 10

= (126! Hz,

wl\exe o 1 the oscillator frequency and
fm the mains frequency. The preset may
also be adjusted ‘visually’ so that a fading
lamp is only really ‘out’ when the fading
process is at an end. When the circuit is
subsequently used for the control of
motors, it may be necessary to readjust P2
slightly. If it is impossible to adjust P2 for
the stated frequencies, this is probably
due to differences in trigger threshold
between various makes of IC: the remedy
is to increase or reduce, by trial and error,
the value of C6.

With the information given in this article,
it should be possible to use the circuit
with current computers other than the
ones mentioned here by carefully study-
ing their You need four

158 w uaqz £
Te in adino sosea of lans 8 ¢

1691 s
1es e

7%
158 G670 20

free addresses and the pin-out of the
extension connector; programming may

be carried out with the aid of the pro-
gramming hints given in this article. W



The TBA 810 has been in

production for several years, and
by now the price has dropped to a very
reasonable level. It has built in thermal
and shortircuit protection circuits, so
it should have a reasonable life
expectancy.
Without any additional cooling, the 1C
can deliver 1 Watt into a 4 © load with
a6 V supply. With a sufficiently large
cooling fin and a 16 V supply it can.
deliver up to 7 W into 4 2, the input

<240mv

7 watt IC audio amplifier

sensitivity in this case is 240 mV. If § ©
loudspeakers are used, the maximum
output power is about half

The input impedance is practically
determined by P1 (1 M), s0 it is possible
to connect a crystal cartridge direct to
the input. If this high input impedance
is not required, the value of P1 can be
reduced.

There are two versions of the TBA810:
the S’ and the *AS’, with differently

95052

all dimensions in mm.

shaped cooling fins. The additional fin

shown in the drawing is suitable for the
“S’ version, but it will need some slight

modifications to fit the ‘AS’ type.

The frequency response is +3 dB from
40 Hz to 18 kHz. The voltages shown in
the circuit were measured when the unit
was powered with a 16 V power supply.
Note that the pin numbers in the circuit
do not take account of the cooling fin;

the IC has a total of 12 pins.




the best transformers . . . around!

Ring core or toroidal transformers are becoming fashionable. Thin
is beautiful? As their name implies, they are ‘round’ and low in

profile, allowing the home constructor and manufacturer, to build
highly compact circuits. This seems to be necessary in order to satiate
the public’s appetite for any equipment that looks like a permanent
‘Weight-Watcher'. Seriously, they do have excellent ‘electrical’ quali

and advantages over the conventional transformer, other than looks.
Unfortunately good taste is always relatively expensive.

1.54 elextor india janvary 1985

toroidal transformer

The toroidal transformer has a ring core
formed by a tightly bound metal lami-
nated band. Copper windings are simply
placed on the core without the use of
bobbins.

The wire is wound over the complete
surface of the core and this considerably
aids the dissipation of heat. Due to the
round shape, there is good ‘concen-
tration’ of the magnetic flux lines in the
core, thereby reducing the ‘stray’
fields.

It requires less wire than the conven-
tional transformer for the equivalent
number of windings, thus reducing the
ohmic resistance, and the chance of
overheating. So far so good. But why is
the ring core transformer in most cases
more expensive to buy than the conven-
tional type? After all, they use less
copper wire, no bobbins etcetera! Good
question. The answer is that they take a
lot longer to manufacture than conven-
tional transformers, and today more
than ever, time is money.

The core is formed as a complete ring
without an air gap. It is made from a
strip of high grade sheet steel, which is
rolled up very tightly. The end of the
strip is then welded, to prevent it un-
winding. This form of construction
helps to concentrate the lines of flux
within the core and keeps losses to a
minimum. An added advantage is its
lack of buzz; due to the very tight ‘lami-
nations’, which are completely enclosed
by the winding. The result: an inbuilt
disability for the production of noise.
Mains toroidal transformers are readily
available in the 15 to 680 VA range, and
up to 5000 VA types are supplied by
some manufacturers. Most are available
with two secondary windings, of be-
tween 6-60 V.

Winding toroidal transformers

The manufacture of toroidal trans-
formers may present something of a
question mark to the inquisitive reader.
As in most things of this nature, the
answer is quite simple; once you know
how! Figure 1 illustrates, what, in
simple terms, actually occurs.

The complete core is loaded onto a
machine that is able to hold and, rotate
it. A ring, that is about three times the
diameter of the core, is linked onto the
core in much the same way as two links
of a chain. This ring is called, not un-
reasonably, a shuttle and can also be
rotated. While doing so, an amount of
wire equalling one complete winding is
fed onto it. And now we come to the
“trick’ that makes it all so simple. The
end of the wire is turned through
180° around a guide wheel on the
shuttle, and held onto the outer edge
of the core. The shuttle then reverses
direction and lays the wire onto the
core as one winding. The core is of
course rotated slowly as this happens,
so that the winding is evenly spread
around it. Tension of the wire is easily



toroidal transformer,

controlled. Mechanically this method
is both simple and quick, and in fact
takes just three minutes per winding.

The Lord of the Rings
(Transformers)

The equivalent conventional trans-
former is in most cases 2 to 3 times
heavier. The same ratio in size also
holds true.

The ring core transformer’s ‘iron losses’,
(when compared with the ‘standard’
conventional type), are only 10%. The
advantage of the ring type are clearly
noticeable when comparing ‘stray
fields’.

In a no-load situation the conventional
field is at a maximum and the ring core
at a minimum. With an increasing load
the ‘stray field’ of the conventional
decreases and the ring core’s field in-
creases in strength.

No matter what the situation, the stray
field of the ring core type is always
considerably smaller. Therefore using a

toroidal transformer reduces the risk of
unwanted noise being generated in any
power supply circuit.

Quality costs money?

Toroidal transformers up to power
ratings of 200 VA are more expensive
to buy than conventional types. Above
200 VA and up to 500 VA this situation
is reversed. A reasonably priced, com-
pact, transformer above 200 VA is cer-
tainly useful, especially when building
high power amplifiers.

Final remarks

Compared to the ordinary standard
transformer, the high-grade core ma-
terial of the toroidal type will cause a
higher initial surge current; A slow-blow
fuse on the primary winding is there-
fore necessary. A fuse having approxi-
mately double the value normally used
with an equivalent conventional trans-

former should do the trick.

Even so, do not be alarmed if the whole
neighbourhood is ‘blacked out’ the
moment you switch on your new 2 x
50000 ...W amplifier (with multiple
toroidal transformers). This is a normal
occurance! L]
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microprocessor controlled
frequency meter (part 0)

an introduction
to an
exceptional
project featured
next month.
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microprocessor-
controlled frequency
meter (part 0)

Next month we will be

very si
All that is made p

all the constr
frequency meter. This is no ordinary meter, however, as

details for a
small,

ple to use and at the same time quite easy to build yourself.

the

by the

P that

circuit. What exactly the microprocessor does you can find out in
four weeks’ time but just to whet your appetite have a look at the

features listed here.

Features
W microprocessor-controlled
uto-ranging

Iphanumeric display (16 digit)

requency range: 0.01 Hz.. 1.2 GHz
period time measurement: 10 ns. ..100 s
W pulse time measurement: 0.1 s. . 100 s

B pulse counter up to 1x10
W high degree of accuracy even given the short

time needed for frequency measurements
6 or 7 digit accuracy may be selected

The circuit for the new Elektor frequency
meter is very unusual and because of this
it deserves special attention. Totally unlike
any other d.iy. frequency meter, it is, of
course, part of our range of test
instruments.

‘We will look at it in functional sections,
starting with the most unusual part of the
circuit: the frequency measuring section.
‘Normal' frequency meters make use of a
crystal-controlled time base supplying an
exact measuring time of 1 second, for
example. During this ‘gate time’ the
number of incoming cycles of the signal
that is being measured are counted (see

figure la). An accurate measurement is
taken by using a measuring time long
enough to enable a large number of
cycles to be counted. Low frequency
signals require a long measuring time but
at high frequencies the time can be
shorter. In 1 second only 10 cycles of a

10 Hz signal can be counted, for instance,
so the read-out can only indicate a value
of 10 plus or minus 1 Hz. If any figures are
shown after the decimal point they are
totally useless. In this case a measuring
time of 10 s or longer is needed to give a
reasonable degree of accuracy.

The new Elektor frequency meter uses a
principle that is also used in modern pro-
fessional instruments (see figure 1b). Once
again a time base (providing a 10 MHz
signal) and a counter are used. The signal
to be measured goes first to a program-
mable divider. A microprocessor sets the
division factor such that the counter is
‘filled’ as much as possible with pulses
from the time base. This is exactly the
opposite to the previous situation as in
this case the gate time is supplied by the
signal that is measured. The frequency of
this signal is calculated by the micro-
processor based on the division factor
and the contents of the counter. The great



advantage of this method is that the instru-
ment is always working at full accuracy
and the measuring time is virtually cons-
tant, irespective of the frequency
measured. The microprocessor makes the
calculations so fast that the user does not
even have time to think about it.
An extra divider stage may be included to
raise the upper limit of the frequency
range from the standard 100 MHz to
1.2 GHz. The meter has three different
inputs: one for analogue signals up to
10 MHz (with pre-settable sensitivity), one
for digital signals up to 10 MHz and a high
frequency input for signals above 10 MHz.
The user can select a resolution of six or
seven digits, giving average measuring
times of 0.15 and 1.5 s respectively.
Using a microprocessor in this frequency
meter a.lso allows a number of other
features to be
The method of calculation chosen means
that automatic range changing is a simple
matter. ‘User friendliness’ is also a feature
of the meter. The alphanumeric display
shows the user in plain language what
options are available and selection is a
matter of pressing the ‘ves’ or the ‘no’ but-
ton. Pressing another button calls up the
menu (the instrument then shows what its
modes of use are), there is a ‘last’ button
to recall the previous choice and the
‘hold/reset button is used to freeze or
reset the display. The only ‘normal’ switch
in this whole instrument is that for the
main power. The various different possible
modes that can be chosen are shown in
figure 2, which surely requires no further
comment.
We could carry on listing all the wonder-
ful features of this new frequency meter
but that is not really necessary. One thing
‘we will say, however, is that in spite of
having some very expensive test equip-
ment in our labs at Elektor this

meter is probably the fastest and easiest
to use. This is because hidden inside a
mini case is a giant instrument. Can you
afford to miss an offer like that? L]
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display

FREQ. 12.3456 MHZ

microprocessor

2

o] rrcavnen

TR

L [—
JR—
ol Bl
1 H
ol !
| [— '|_ %) wensume |
! 1
o i |
H 1
| SSPRGR §
Eevet count? |-
wast t wast serze

controlled
frequency meter (part 0)

Figure 1a. This is the prin-
ciple of operation gener-
ally used in frequency
meters. During a crystal-
controlled measuring
time the cycles of the
input signal are counted.

Figuee jb jThaimsasiring
e in the new Elektor
frequency meter is pro-
vided by the input signal
andiheipilacsipiuided

setting and the counter’s
contents.

Figure 2. This is the fre-

be selected using ju
two buttons. What could
be simpler?
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The electronic siren described here is
easy and cheap to

The circuit consists of two astable
multivibrators, N1/N2 and N3/N4. The
0.2 Hz square-wave signal from the
latter oscillator is integrated by R3 and
C3; this voltage swings the frequency of
the other AMV (N1/N2) up and down
at 0.2 Hz

The output level is about 2 V.
sufficient to drive a power amplifier

directly. ®

Parts list Capacitors
€1,C2 = 1000 w6 Vv

Resistors: C3'=500 /6 V
R1,R2 = 4k7 C4,C5=470n
R3=10k C6 =150 n
R4 = preset potentiometer 4k7
RS = 5k6 Semiconductor:

R6 =1k N1,

N4 = 7400

light
dimmer

This simple triac dimmer can be used to
control incandescent filament lamps up
to 1500 W. The circuit operates on the
phase-control principle. The main con-
trol is provided by P2. This determines
the rate at which C2 charges and hence
the point along the mains waveform at
which the voltage on C2 reaches the
breakdown voltage of the diac, which is
when the triac is triggered. P1, in con-
junction with R1 and C1 determines the
minimum brightness level, or alterna-
tively may be used as a fine brightness
control. Interference suppression is
provided by R2 and C3.
Construction
The printed circuit board is very com-
pact and can easily be accommodated
1.58 sekior

india january 1985

inside the modern, square type of flush-
mounting switch panel, or in a small
box for portable applications. The
following safety points should be noted.
No part of the circuit should be access-
ible from the outside. The case should
preferably be made of plastic or other
insulating material, and fixing screws for
the board should be nylon. If a metal
case is used the board must be ad-
equately insulated from it and the case
should be earthed. The potentiometer
should have a plastic spindle. ®




SOLDER PASTES
Electro Science Laboratories
U.S.A have announced the availability
of large particle pastes. These pastes
make reflow soldering more reliable
by inhibiting solder balls. As the solder
paste flux melts before the alloy melts,
very fine solder particles flow with it
away from the main mass of alloy, and
become isolated. Fine particle powders
also have more surface area for
oxidation that can form a barrier to the
main solder mass. ESL's large particle
solder pastes inhibit these causes of
solder balls.

For further rn!nrmalron‘ write to:
Eltacks Carpora
-314, Indusma/ Estate
Peenye Bangalore 560 056.

ULTRASONIC LEVEL INDICATORS
ELTRONICA have developed non-
contact type ultrasonic level indicator/
controller-Model VUL-8 which can

material can be_liquid , powder or in
form of lumps. The level is measured
instantaneously and hence even
dynamic level indication and control is

For further information, write to
Safari Industries

11, Tribhuvan Road,

Bombay 400 004

GEARED SYNCHRONOUS MOTORS
VISHAL Electromag Industries have
developed geared  synchronous
motors which are sturdy and compact

ese motors can operate on 110V or
220/240v AC at 50Hz and consume 2.5
or5 watts depending on the model. Out
put speeds are available from 1
Sec./Rev. to 24Hrs./Rev. These motors
are basically unidirectional and can be

used directly for recorders, time-
totalisers time switches, timers
maximum and meters, action
displays, oscillating grills in air

conditioners and fans etc. The motors
can also be made available as
reversibel synchronous motors for

possible is fairly
independent of temperature upto 70°C.
The digitaldisplay is directly calibrated
outputs are
provided for Control or printout

For further information, write to:
Eltronica

98, Kaliyammankoil Street,
Verugambakkam, Madras 600 092.

POCKET TRANSISTOR

Mini—Max one band pocket trans<slov
radio set been introduced by
SAFARI Industries. The set is compact
in_construction and works on 3 volts
using two pencil cells. It has an LED
indicator for audio level indication.

servo voltage
stabilisers.

For further information, Wme to

Vishal Electromag Indus

D-202, Bonanza dusirial Es!ale 2nd
floor Ashok Chakarvarti Roat

Kandivi (East), Bombay 400 o1

SINGLE PHASING PREVENTER
ALTEK SYSTEMS introduce the
Reliance PL le phasing preven-
ter cum water level guard unit. This unit
is used for protecting the motors of
submersible pumps from single
phasing and dry running. The single
phasing preventer operates by sensing
the negative sequence voltage and the
water level guard operates by sensing
the conductivity. The unit is available
with housing or in open form tosuit the
requirement of control panel manu-
facturers

For further information, write to

Altek Systems
Plot 168, Sector 27,
P.C.N.T. Nigdi, Pune 411 044,

TEMPERATURE CONTROLLER

ESD—90/ESD-92 is the digital tem-
perature indicator/controller introd-
uced by Electronics Systems and
Devices. A wide selection of measure-
ranges is available to suit

bright LEDs are used in the digital
display of temperature being moni-
tored. Ambient temperature compen-

sation and thermocouple break
protection are incorporated in the
circuit. Input linearisation is alst

vibrations or mounting position of the
instrument.

For further m/ormauon write to

Electronics Systems and Devices
639/7. Hadapsar Industrial Estate
Pune 411 013.

@ january 1985 1.5

I

9



T/C SCANNER

The WAHL Data Force dual micro-
processor controlled 40-channel
temperature scanner computes, auto-
matically measures and linearises upto
40 thermocouples every 2.5 seconds.
The input channels accept any
standard thermocouple types and are
linearised to 0.005°C. The unit has 4
miltiplexicards,each having 10 T/C
input  channels, with interchannel
ieGlation of 300 V DC. Temperature

readings are displayed with the 0.01°C
resolution and the accuracy is +0.2°C
Calculator functions such as weighted

average, delta T, computed max/min,
deviation, polynomial linearisation,
ross channel computation etc. are
also available.

For further information, write to:
Jost's Engineering Co. Ltd.

60. Sir Phirozeshah Mehta Road,
Bombay 400 001

CURRENT TRANSFORMER
Instruments Pvt. Ltd. have
added a DIN type plastic moulded
current transformer in four different
models. The material of the moulded
case is ABS and a cap is supplied for
sealing the secondary terminals and to
make the CT tamperproof. These can
be mounted either on base plates or
directly on bus-bars and are claimed to
be unaffected by highly corrosive and
dusty atmosphere.

For further information, write to

Meco Instruments Put. Ltd.
Bharat Industrial Estate
7.J. Road, Sewree, Bombay 400 015

CABLE BINDING

NOVOFLEX offers Spirap cable
binding system which permits flexible

60 elektor india january 1985

routing of Cable Harnesses while
forming a neat, protective bundle. It
twists on easily and quickly and allows
lead-outs at any point. When Spirap is
installed, it may be gapped for greater
economy and flexibility or it may b
butted tightly for maximum abrasion
resistance, insulation protection and
greater rigidity.

For further information, write to
Novoflex Cable Care Systems
Post Box No. 9159 Calcutta 700 016.

MINI TOGGLE SWITCH
Switchcraft now offer a miniature
D.P.D.T. toggle switch rated for 250V
AC at 2A. This switch is suitable for use
s ON-OFF switch for electrical and
electronic instruments. Itis housed ina
deep drawn brass casing which pro-
tects the inside mechanism from dust
and moisture. The switch hasa transfer
moulded base with terminals moulded
in it. The contacts are silver plated.
Dimensions behind the panel are 13 (L)
x 12 (W) = 18.5 (H) mm.

For further information, write to:

Switcheraft
54/55 Crescent Mansion
Gamdevi Road Bombay 400 007.

TUBE LIGHT INVERTER

SBAJ tube light inverters are specially
designed for the Bus body builders.
They are completely solid state in
design and use ferrite core trans-
formers. 40% more efficient is claimed
over the old lamination type trans-
former designs. The inverters are
compact in size and can be fitted
directly on the tube lignt fixture in
place of the choke

For further information, write to:

Sbaj Electronic:
19, Mother Gift Burld:ng
Opp. Novelty Cin
Qb Fooad. Bombay 400 007.

RAIL TESTER

Vibronics Pvt. Ltd. have developed the

ultrasonic rail tester equipment to meet

the exacting standards set by RDSO
he equipment comprises of a povtab\e

flaw detector—model FD-301 with 5

cracks on core bolt holes, cracks on
web etc.

For further information, write to:
Vibronics Pvt. Ltd

Masrani Estate

Near Halav Bridge

Kurla, Bombay 400 070.

UPS SYSTEM

JAYANT Electric & Radio Corpn. have
introduced an uninteruptible power
supply system to overcome the pro-
blems of transients, brownouts and
blackouts. Various models are avail-
able ranging from 200 VA 105 KVA. The
system is mounted on a trolly with a
battery and incorporates automatic
electronic switching, dual function
voltage stabiliser, battery charger with
automatic trickle and boost charging
etc. Output is 230 V £ 5% AC, single
phase sine or square wave. Input can
be 12 V to 110 V DC depending on the
tsalitedlcaneb] Frequency of opera-
tion is 50 Hz

For further information write to:
Jayant Electric & Radio Corporation
5'B, Naigaum X-Road

P.B.7129

Wadala, Bombay 400 031
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NOW
THE LATEST BOOKS-KITS
ARE AVAILABLE WITH US
DATA BOOKS :
s{jnotics

SEMICONDUCTORS

TEXAS INSTRUMENTS

&

NATIONAL @ roronoea
INTERSIL FAIRCHILD

IMPORTANT

SUBSCRIPTION RENEWALS ARE ON!

HAVE YOU RENEWED YOURS?

) the S8ME
e SO
Rs. 75-00

2]
8

Two years
Rs. 140-00

Three years
Rs. 200-00

ZILOG - ‘GE’ - ANALOG DEVICES SIEMENS - INTEL
SGS. ATES SILICONIX - TELEDYNE COOK BOOKS
OSAORNE BOOKS SYBEX BOOKS - TAB BOOKS
SAMS BOOKS - TOWERS BOOKS AND APPLE
COMPUTER BOOKS

PLEASE WRITE FOR DETAILS
ELTEK
BOOKS-N-KITS

6, RITCHIE STREET, 1ST FLOOR,
MOUNT ROAD, MADRAS-600 002

We also stock ELEKTOR INDIA kits & back issues.

i
=]
“r

“on\e““‘" :

* To use the card in this issue
* To quote your subscription number
* To mention that it is a renewal
* To send your renewal at least
one month in advance
* Timely renewal ensures continuous
receipt of issues without
irritating breaks

_elelter

electronics

=

High

Precision

Economically Priced

High
Reliability

i
Rk

+ Tapes * Donuts ¢ IC Pattern

’nc

*@liilig%
9 Pl o

Alphabets

. (om;mmm Legends.

Ask For
Free Catalogue.

AR SN

\e

Chhotani Building, 52C, Proctor Road, Grant Road (East), Bombay-400 007. Phones :

Manufactured By

IZUMIYA I'C lNC. JAPAN.

Sole Representatives For India

elekTor elecTronics pvr lrd.

367459, 369478

o
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Resistors from the Keltron supéfmarket:

There's a lot more to them than the
metal film coating. A high degree of
pr— uum; extra protection against
KELTRON climates; lead pulling and high voltage
COMPONENTS tests; high stability and low
——— temperature coefficients; computer
THE control of gases and power for strict
ELECTRONICS adherence to specifications; metal and
SUPERMARKET rbon film resistors in % W and % W
R Y R R S power.

Vellayambalam, Trivandrum 6!

Rngd Dmrs O Kerala State Electronics Deve\opmer\tuorpumﬂnn Ltd., Keltrc
Telex : 0884- EDC IN Telegram : ELECTRONIC
-A Poonam Chambers, Dr. Annie Besant Road, Worli Bombay 400018, Telephone
gram : KELTRONBOM O 7
THY] RISTOR O Sudarshan Eundmg

anch O"lces a1 57,
0 Telex : 021

Church Road, Near S
floor, Barkatpura, Hyde(abad EUU
Ahmedabad 380 006. Telephone

ary 1985 1




When India is waking up to make
some of the finest
colour TVs in the world...

There’s only one capacitor
to say “Good morning”...

Aluminium :
Electrolytic Capacitors

ELCOT - Shaping the future of electronics

Signalling the dawn of a
new era in component elect-
ronics, ELCOT introduces
Aluminium Electrolytic
Capacitors—with Tolerance
ranging from =107 to+207,
and operating temperature
ranging from -40°C to 85°C.
ELCOT Electrolytic
Capacitors are made with
the most modern technology
on the latest high-speed
Japanese machines. That

is why they have the
unmatchable characteris-
tics of perfection, and can
be used in both Colour and
Black & White T

Al ot sets, walkiol
talkies, personal computers

B and other consumer and

industrial electronic items
And watch out for the

ELCOT Bipolar and ‘S’ Correc-
tion Capacitors, soon to be
on the market!

Electronies Corporgtion of
Tamil Nadu

T Got oF Tork R Enterprise)
LLA Buildings, 735, Anna Salai
Madras 600 002

Ph: 810771, 87659, 83776
Telex: 041-6113 LCOT IN

oPR21Y8
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*
KITS For COMPUTER

Our Most Popular
clektor Projects

Audio Amplifier

Only one IC TBA 810 delivers 7 watt output.
Supply voltage 16 V.

Input sensifivity (for max. output) 155 mV.
Frequency response (3 dB bandwidth) 20 Hz to
30 KHz.

Input impedence 100 K. Ohms.

Kit for Rs. 50.00

Light Dimmer
This simple triac dimmer can be used to control

incadescent lamps upto 4500 watts.
Kit for Rs. 40.00

7400-Siren

Electronic sound effect resembles the sound of
American Police siren. Needs external amplifier.
siren circuit works on 5 volts supply.

Kit for Rs. 35.00

€lektornado 50W + 50W

High quality stereo amplifier with ICs LM 391 as
drivers and power transistors in the output. Can
also work as 100 W mono amplifier at 8 Ohms
load.

Frequency response (3 dB bandwidth) 6 Hz to
30 KHz.

Total h‘clmonic distortion 0.1% from 40 Hz to 10 KHz.
Kit for Rs. 380.00

Universal NiCad Charger

One charger for all types of NiCad cells.

Kit for Rs. 130.00

Telephone Amplifier

Project published in elektor india november 1984
Kit for Rs. 150.00

Also Available

PCBs for most projects published in elektor india
and elektor (UK).

Tele: 362650

ELECTRONICS

CORNER

Practical Comr suting
Computer Lights

Use your ZX 81/Spectrum to control
Lights, Small electric motors, Heaters etc.
ON/OFF, Brightness, Speed controls of 8
gadgets individually, using BASIC or
Machine Code.

Rs. 850.00

SPECTRUM €ffects Box

Atack, Delay, Sustain, Echo,

Rs. 300.00

SPECTRUM Amplifier
Improves sound output of the Spectrum.
Rs. 410.00

VHF /UHF Modulator

Connect your computer to any
domestic TV set.

Connect your VCR to any Black & White
™.

Rs. 400.00

Products announced under Computer
corner will be supplied only in assembled

and tested form.
<4
TERMS:

| Goods by retum post subject to availability.

m Special prices for volume order.

® Minimum outstation orders Rs. 50.00

m All orders must carry a minimum advance of
50%, balance payment by VPP or through
Bank. (No cheque payment.)

Prices are subject to change without any prior
notice, will be charged as prevailing on date
of despatch of goods.

Al prices are exclusive of MST. and Postage.

@

Sonika

17, Kalpana Building 349, Lamington Road, BOMBAY-400 007.
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R.N.No.39881/83 LIC.No.91

For over 30 years, with high t technology and sophistication in the field of
entertainment elecwomcs COSMIC in India has brought to the door step
Audio and Video aqmpment of |ntemauonal quality.

COSMIC has earned and
COSMIC now oﬂers a COLOURTV (51 cms ) which is almost beyond

g in the quality or technological
advancemem but only in price.
COSMIC COLOUR TV stands up to any international standard. COSMIC
with high intensity picture tube, gives sharp and rich contrast picture with
fantastic visual definition.
COSMIC COLOUR TV with S.M.P.S. (Switch Mode Power Suzpply) is a shock
proof set with built in regulated power supply (160 Volts to 260 Volts) that
consumes less than 50 watts.
COSMIC COLOUR TV porates the HIGH GAIN TURRET TUNER to
receive transmissions in fringe areas VI DEO IN/AUDIO IN capability to
connect any VCR, for better pictur: d sound quality. Also incorporates
AUTO DEGAUSSING CIRCUIT.

International quality created for India by COSIMIC

usp

P Puboer-C . Chandarns. 2 Koumar 1410 Afod Kt Bombay400052. & Frintedat TrptOfsr, 103, Vasan Usog Sheven
Off Tulsi Pipe Road, Lower Parel, Bombay-400 0
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